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ABSTRACT 



A device and method for rapid, atraumatic placement of 
medical devices in the right ventricle of a patient The device 
includes an introducer sheath used as a passage for intrave- 
nous placement of a medical device in a patient* s heait The 
introducer shealh is of sufficient lengdi to allow a proximal 
end diereof to be located outwardly fxom an indslon in the 
skin of a patient over the cephaUc vein when a distal end of 
the introducer sheath is at the apex of the rig^t ventricle. Hie 
introducer sheath is of sufficient flexibility to pass through 
the tricuspid valve and duough the narrow passage b^ccn 
the davicle and first rib, and is of suffident strength to allow 
the introducer shealh to be pushed along its length thereof 
through the tortuous path from the incision over the cephalic 
vein to the apex of the right ventricle. The introducer shealh 
has an inside diam^ of sufficient size to slidably receive 
a balloon-t^yped catheter, a guidewire, a pacing lead, or the 
iilm therein. 

74 Claims, 8 Drawing Sheets 
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FIG. 11 
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DEVICE FOR USE IN RIGHT 
VENTRICULAR PLACEMENT AND 
METHOD FOR USING SAME 

BACKGROUND OF THE INVENTION 5 

1. Rdd of the iDvendon 

The pccscnt mveatioa is directed to a device and method 
especially useful in the inseition of medical devices in the 
right vcntncie of the heart Hie invention provides a novel 
and inqxroved introducer sheath useful in placement of a ^ 
ventncolar pacing lead at the apesL of the rl^t ventricle for 
pennanent pacemaker inq)lantation. The present invention 
also rdates to an improved dOator for use with the introducer 
sheath. 

2. Mot Art 

Development of permanent isq)iantable pacemaker sys- 
tems has resulted in life-saving benefits and has greatly 
irapmved the quality of life of patients with symptomatic 
tffadysnhythmias. There are single chamber ventricular pac- 
ing mettiods and dual chamber atrial-ventricular pacing 
methods. Hie benefits of dual chamber pacing conqxaied to 
single chamber ventricular pacing are well documented. 
Most dual chamber pacing systems use separate atrial and 
ventricular pacing leads. Pennanent pacemaker systems also 25 
have been devel<^>ed which maintain atrial-ventncular syn- 
chrony using only a single permanent pacing lead. Such 
systems are only applicable to specific patient subpopula- 
tions. Single chamber atdal pacing is rarely sppropdato. 
Therefore, nearly aU patients who undergo pennanent pace- 3Q 
maker inq>lantatloQ require ventricular pacing lead place- 
ment 

Techniques currently in use for permanent pacemaker 
inq>lantation tyiHcally obtain venous access by one oi two 
methods. A mid infraclavicular incision is made in the skin 35 
on either the left or eight side of the patient The left or right 
sutxdavian vein is punctured with a thin-walled, large-bore 
needle and a guidewire is passed into the vein. The needle 
is removed and an introducer sheath is advanced over &e 
wire wid) the aid of a dilator into the subclavian vein. After 40 
tiie introducer ^eath is in the subclavian vein, the dilator is 
withdrawn. The iwrrmakfT lead is passed into the vencms 
circulation system ^trough the introducer sheath. The 
guidewire may bt removed or may be left in place as the 
pacing lead is passed throu^ tire system. Current introducer 45 
sheaths are only of sufScient l^gtfa to ensure access to the 
subclavian vein and, in some patients, to the superior vena 
cava. Alternatively, a pacemaker lead can be introduced by 
isolating the cephalic vein and introducing the lead undo* 
direct visualization via a venoton^. Regardless of the tech- 50 
nique used to obtain veaous access, the pacemaker lead must 
then be advanced via the superior vena cava into the right 
atrium and then man^ulated across the tdaispid valve into 
the right ventricle and then ftirther advanced past ventricular 
trabecule to the apex of the light ventricle for optimal 55 
padng location. 

The range of ventricular lead placement devices available 
for cardiologists and surgeons today are often cumbersome 
and time consuming to use, especially fcr cardiologists and 
surgeons with low annual volumes of pacemaker iiiq)lanta- 60 
tions (ie. less than 75 pacemafctt inq)lants per year). Car- 
diolo^sts and surgeons frequently have trouble passbg the 
ventricular pacing lead across die tricuspid valve to the apex 
of the rig^t ventricle because of the interaction of the lead 
tines or active fixation ^)paratu5 with the tricuspid valve cr 65 
wifti right ventricle trabeculae. Additionally, the ventricular 
pacing lead may be inadvertently passed into the coronary 



2 

sinus. These problems result in increased blood loss and 
increased radiation exposure for the physician, assistants, 
and patient 

The present Invention is designed to eliTninate the prob- 
lems associated with passing the ventricular pacing lead 
through the tricuspid valve and past the ventricular 
trabeculae, prevent inadv^nt passing of the pacing lead 
into the coronary sinus, reduce blood 1<ks, and reduce 
radiation exposure for the physician, assistants, and pati^ 

Pacemaker leads are very soft and fiexibk, thus not easily 
guided and mampulated into the proper location. Therefore, 
it is common to use straight and curved stylets to ten^Knaiily 
stiffen die pacing lead and provide dfrecdonal control to 
facilitate manipulation of the pacing lead from the right 
atrium across the tricuspid valve into the ri^t ventride. 
locally, a strai^ stylet is used to initially introduce the 
lead into the right atrium. Then die straight s^et is removed 
and a curved stylet is used to advance die pacing lead across 
the tricuspid valve into the right vcntride. It is common 
practice to use die curved stylet to advance the pacing lead 
past the right ventricle into die right ventricle outflow tract 
or pulmonary artery to ensure that the pacing lead is not in 
the ooronay sinus. Often times, the curved styled must be 
removed and r&-shaped during the procedure to attain 
nri^natp! mfltiip ulation and positioning. Then the pacing 
lead is withdrawn from the right ventricle outflow tract or 
pihnnnar y artery using a straight stylet to allow the pacing 
lead to descend into the apex cf the rig^t ventricle for 
fixation of the pacing lead at the 2^>ex with the tines or the 
active fixation mcchanisuL Since the coronary sinus does 
not communicate with the right ventricle outflow tract or 
pulmonary artery, this technique helps to ensure that die 
pacing lead is in the rigjit ventricle instead of the coronary 
siiius. The lead placement procedure is done under fluoros- 
copy to enable proper pacing lead placement 

The standard method for ventricular pacing lead place- 
ment requires extensive lead manipulation, niult^)le st^et 
exchanges, and m3iltix>le stylet reshapings. In adtfition, the 
standard rn^od has poteidtal for inappropriate lead posi- 
tioning in die coronary sinus and e]qx>sing the i^ysician, 
nurses, and patient to excessive radiation due to the extended 
use of fluoroscq)y. 

VS, Pat Na 4,243,050 to litdeford discloses a conven- 
tional introduces, introducer sleeve and method for imput- 
ing pacemafrfT electrodes in a patient The introducer and 
introducer sleeve are dim^ioned to only reach into the 
subclavian vein. St^ets are used inside of the pacing lead in 
order to advance the lead throug;h the venous system to the 
apex, of die right ventricle. 

VS. Pat No. 4,467,817 to Harris discloses a small 
diameter pacing lead of carbon filaments surrounded by a 
stiffening strath. The t^ of die pacing lead extmds beyond 
die stiffening sheath hereby die stiffening sheadi is posi- 
tioned behind die t^ of die pacing lead to assist guiding die 
pacing lead into die desired organ. 

European Patent Application No. 219,608 of Osypka 
discloses a padng lead enclosed by a guide sleeve. The 
guide deeve is a protective coating that extends over die 
attaching eaad of the padng lead. Tlic guide sleeve has a 
longitudinal tear line along its length so that it may be 
separated as it is retracted from die padng lead. 

U.S. Pat No. 4,602,645 to Banington et at disdoses a 
cardiac pacing cadieter system used for tenqxxrary place- 
ment of pacing leads for atrio-ventricular padng. A standard 
kngdi introducer sleeve is used to introduce the cardiac 
padng catheter system into ttie subclavian vein. The cath^ 
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oontalning the pacing leads is advanced through the supenor from the mid infraclavicular puncture to the apex of the zigbt 

vena cava to the entry to the right atmim and then secured ventricle; said introducer sheath having an inside diameter 

in place. Then the ventricular lead is extended into and of sufficient size to slidably receive a balloon-tipped caJhtter 

through the right atrium, through the tdcospid valve and into therein. 

the right ventricle. Subsegnentiy, the atrial lead is extended s In another aspect of the invention there is provided a 

into the right atrium. device for use in rapid, atraumatic placcmmt of medical 

U.S. Pat No. 5^,014 to Williams ct al. discloses a ^ J ^^'^^^ ^ patientcomprising: an 

complex implantable active fixation lead system consisting "^^f^Sf ^. ^ P^^« ^^r imraven«^^c<^ 

fxfZ a^+hrTfi^flHV.^ i^A t«*J^^^ k«,„«„ o mcnt of a ffiedical devicc m 3 pauenfs hcaTt, Said mtToduccr 

of an aclnre fixation pacmg l^an inl^ce^ having a sheath being of sufficient lei^ to allow a proximal end 

coupler whidiTOes a cr^pomon on ft^ lo thereof to b? located outwan^ from an indsiVn in the skin 

pacing lead and a giride c^eter that is assembl^witb the of the patient over the cephaKc vein when a distal end of said 

pacmg lead and Ae introducer for imparting stiffness and introducer sheath is at an apex of the right ventricle, being 

unproved steerahUity to the pacmg lead. The implantable of sufficient flexibility to pass through a tricuspid valve, and 

active fixation lead system is insetted through the subclavian being of sufficient strength to allow the introducer sheath to 

vein into the siqjerior vena cava and into Ae right ventricle 15 ^ pushed along the length thereof through a tortuous path 

throu^ the tricuspid valve. The introducer and active fixa- from the mid infraclavicular puncture to tiie ^ex of the right 

tion pacing lead arc extended past &e guide catheter in Ac ventricle; said introducer ^eath having a tapered distal 

area of the right ventridc apex. The active fixaticm pacing segment and an inside diameter of sufficient size to pass a 

lead is then cranked into the cardiac tissue by rotating the removable flexible guidewire or pacing lead therethrough, 

introducer, ^ In yet another aspect of flie invention tkm is provided a 

Inviewof the limitations and co^^)lexities of the prior art xapid^ atraumatic right ventricular placement of 

devices, it would be highly desirable to have an ^jparatus medical devices con^nising: a guide membcn an introducer 

and method that would fadUtate smq)lc rapid pmnanent ^ ^ passage for intravenous placement of a 

paccmate vcntricularpadng lead placement requiring little mcdicaa droce in a p^ent's heart, said inttoduc^ shcafli 

or no lead manipulation, eliminate the need for multiple ^ ^V^^T"!^"^^ "^"^ apoximal endtiiereof to 

stylets, and decreasTthe risk of imq>propriate lead pZ^ be loc^ outwaj^y from an masion in the skm of the 

rnent if^*^ f patient over die cqihalic vem When a distal end is at an apex 

of ttic right vartridc. being of suffidcnt flexibility to pass 

SUMMABY OFTHE INVemON ^"^h a tii^ valve^bdng of diffident stttngth to 

3Q allow the mtroducer sheath to be pushed along the length 

One object of the subject invention is to make permanent therec^ through a tortaous path from the mid infraclavicular 

pacemaker ventricular padng lead placement a simple, rapid puncture to the iqicx of the right ventride, and having an 

procedure requiring little or no lead man^ulation, diminate inside diameter of suffident size to pass said guide member 

Uie need for multiple stylets, and decrease the risk cf therethrough; a dilator having a t^[>er at a distal end, a central 

inappropriate lead placement in the ccrcmaiy sinus vitS\& 35 ^ae of sufficient size for passing the guide member 

maintaining (or increasing) the safety and rapidity of die therethrough, an outside diam^er configured for a dose fit 

procedure. dilator in said introducer sheath, and having a length 

To aec<«.ldi5htM,pmposeth«c is provided an intKV fff^^Ji^^^'^^^^^ 

diica sheatb that is of sufficient length to reach fi«m an "^S^wlfK^^i*^'^ 

inc^onoverthec^vcmondtS^ « SL"^ t^'ti'f^ 

(rf ae patient to the apex of the right ventridc The intro- vr^e^T^ IJ^fT^^ ^JZi^^lJAtrTt 

apex of the right ventride over a smdewire or a balloon- * 7^ u^^vw 11%^%^ luiviug an maiuc umiu- 

"r . ^ " wouwit- ter suffident to pass said guide member providinc an 

troed calhet*^ Tic mtroducer she^acts^^^ inlrodnccr sheath u^forint^«^S^.r^?«fer 

T^^* ^*J^/ S^'^-," ""^r:^ ^ cal device in a patient's heart, said inl^cer sheath being 
«tteer, ^ me ventricular apex at the lowamost portion ^ J ^ ^ „^ ^ ^ 

of the ndit ventricle is concave and provides a stable 1 • * 

I . ... ^ , 1 J .« *u located outwardly from an mosionm the skm of the patient 

lo^on m whidi &e pacemak^ lead will not became ov^x the cephaHc vdn when a distal end is at an apex^tbe 

^^^ ^ i T 'T JT^^ right venlride, bdng of suffident flexibility to pa^ugb 

"^^^^^^^^J" ?1 , !l H ^^JSr^^ T^cus^d vdve, teing of suffidem^Je^tii to allow t^ 

lead to prevent intmction of the lead tmes with atticr ^e j^tj,^ ^ ^ ^ thereof 

tricuspid valve or tiie right ventridc trabcculac. When the ^T^^ZT^ _.r^f ^ .7? /"^^e*" mawi 

_ , . . Twmiww througji a tortuous path from the mid infradavicular punc- 

pacemaker lead has been positioned at die mex of the right pST^-^* 1 ^t. • • 

. • A I ^ ' J 1 ture to the apex of the right ventridc. and havmg an inside 

ventnde, the introducer sheath IS removed usmg peel-away au,,.^*^ .««:«:«*^ » -j u 

ihti tr^rh * t>*r j diametCT or sumcieot size to pass said gmde member, 

or sumng lecnmques. 35 juafeing an incision in the skin of flic patient; inserting said 

In one aspect of fee mvcntion dicre is provided a device needle into a vdn of the patient; passing said guide member 

for use in rapid, atraumatic placement of medical devices in through said needle into flie subclavian vein and into a 

a right ventride of a patient con^irising: an introducer superiw vena cava; removing said needle; advancing said 

sheath used as a passage for intravenous idacement of a guide member across the triaia>id valve to the apex of the 
medical dewce in a patient^s heart, the introducer sheafli <so rfghi ventride; and advandng the introducer sheath over 

being of suffident lengA to aUow a proxi^ ^^^e^ ^^^3 the tricuspid valve into the 

be located outwardly from an inasion hi the skm of the vidnity of the apex of the ririit ventride. 

patient over the cephalic vein when a distal end of said 

infroduccr sheath is at an ^ex of the right ventride, bemg DESCRIPTION OF THE DRAWING 
of suffident flexibility to pass throu^ a tricuspid valve, and 65 FIG. 1 is a plan view of a patient with a needle being 

being of suffident strength to allow the introducer sheafli to inserted flirou^ the subclavian vdn to communicate with 

be pushed along the length thereof through a tortuous path the heart of die patient 
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ITO.lisaplanviewofapatietitwithacomplaedinq) One ODbodimeiit of an introducer sheath 20 iaac^^ 

OEf a pacemaker set with the present invention is shown in FIG. 3. The introducer 

FIG. 3 is a ptaspcctive view of an introducer sheath used ^ can be us«i in d&cr rfthe methods ju^ described 

to in^rfant a pacing electrode in the patient ^ "^^"^-^Tf^ ^^^^ ^ 
^T-, ' . ^ _^ , L J. 5 patiait 8 as described latCT. The mtroducer sheath 20 has an 

HG. 3A IS a perspective view of an aUemateembodmient inside diameter 22, a tapered distal segment 24, and a flared 

of the introducer sheath of FIG. 3. proximal end 26. The distal segment 24 and the prorimal 

HG. 4 is a perspective view of one embodiment of a end 26 can be straight 

dilator in accordance with die present inventi<HL The introducer sheath 20 has sufOdent flexibility to pass 
FIG. 5 is a pian view of another embodiment of a dilator lo frran an incision in tiie exterior skin 6 over the cephalic vein 

inserted in an introducer sheath in accordance with the 9 of patient 8 through the tortuous patii in the vaious system 

present invaition. *® apex AP of the right ventricle of the patient's heart 14. 

„ ... , . , • 1 J ^ ri. As will be described in more detail bdow. The introduce 

ITC. 5A is an end vi^ of the proxmial end of the sheath 20 is of sufficient length to reach the apex AP of the 

introducer sheath of FIG. 5. rightventridebut in accordance with safe medical practice, 

FIG^ 6 is a perspective view of aflexible guidewire f^use dmiug xisc the di^ end is not advanced into contact with 

with the present invention. the ^^ex AP of flie right ventricle instead tiie distal end is 

FIG. 6A is a perspective view of an alternate embodiment positioned at a location in the vicinity of Ae apex. AP of the 

of the flexible guidewire of FIG. 6. right ventride so as to prevent damage to or perforation of 

HG. 6B is apian view of an alternate embodiment of die ^ ^« ^-Sl??^ ^1 ^""I^^^^'a^ if f^' 
x^jw. «B u o ^luu Ti^«i oil «ii*«u«*v flcxihihty to pass through the tncuspid valve of the 

flexible guidewire of HG. 6. ^ betv^ecn the davicle and 

FIG. 7 is a perspective view of a balloon-tipped catiieter first rib. However, the introducer sheath 20 has suffident 
for use with the present inveotion. strengdi to allow it to be pushed along its lengdi thereof 

FIG. 8 is a perspective view of a needle puncturing the through that tortuous path, lb achieve the necessaiy comr 
subclavian vein in accordance with a method of the present 25 bination of flexibility and strength, particularly at the level 
inyenti(»i. of die davide and first rib where there is minimal clearance, 

FIG. 9 is a perspective view of a guidewire being intro- introducer sheath is of varied stifEncss, being more 

duced throo^ the needle into the subclavian vein. flexible towards distal end 25 and is more stiff towards 

FiaiOisap«spectiveviewofthedilatorandintrodu«r r^^*^ ^' '^^l^T^^**^''^ 
sheathofFIGsT^Abdnginsatedovertheguidewtre ^ "^"^"TJ^ 
w« ♦u-. •^w.i^wo^ ness or the diameter of die introducer sheafli 20 can decrease 

t^^^^r^ !^ ^ K ,1 ^ «f ton P^<^ end 26 to the distal end 25 while 

FIGS. U-16 fflustrate diagrammabcatty portions of a „,aintaininra constat inride diameter to effect a gra^ 

patiaifs heart and the manner m whidi the jiesent invco- ^^^^j, ^ proxhnal stiffiiess to distal flexibiUty. The 

tion is used. ^ variation in stififocss can be along the entire length of die 

FKi 17 is a perspective view of a slitter for use with the iotrodncer sheath 20 or along a portion of the lengdL The 

present invention. transitioa in stif&iess can be gradual or can be incremental 

FIG. 18 is a pian view of a pacemaker set having apadng in nmttqile stages or sections. There can be two, fliree, or 

lead. more sections with decreasing stiffness. I^efierably, the distal 

^^o^™^^^T ^« ^TT. w^T^r^T^^ 40 end 25 is soft and flexible so as to be atraumatic. 

DESCRIFITONOFra^^ Particularly, the portion that extends from the supoicr vena 

EMBODIMEOTS cava SVC to the apex APctf the right veoiride RV is soft and 

With continued Teference to the drawing, FKj. 1 illustrates flexible;. The variation in stiffiiess along the rdevant portion 

a syringe 2 with a needle 4 being inserted in fiie patient 8 to of the introducer sheadi can be achieved by varying the wall 

obtain access to die subclavian vein 10. Hie subclavian vein 45 fliickness, varying the material, such as a polymer of varying 

10 is a large vein and readify receives a permanent pace- density and stiffness (dius enabling constant wall thickness), 

maker padng lead. The insertion of die needle 4 is die first varying a polymer or metal conq)osition mixture, imparting 

step in die method of in^lanting a pacemaker dectrode widi varied^^iroperties, such as a varied degree of cross-linking 

mhiimal incision to the patient Topically die needle 4 is (dionicai, radiadon, etc.) of a polymer, or by a variety of 

inserted at a mid infraclavicular position made on die right 50 other means which will be s^iparent to one of ordinary skiU 

side of the patieiit*s chest to obtain access to die right in die ait following the tracirings herein, 

subclavian vein. However, the insertion can be made on the The introducer sheath 20 can be rdativdy flexible 

left side of the padeot's chest to obtain access to the left because during die majority of its use it is si^jpcrted 

subclavian vein. As shown in FIG. 2, die patient 8 has a internally by a dilator, guide member, balloon-tipped 

padng lead 12 extending dirough the subclavian vein 10 to 55 cadieter, pacing lead, etc the introducer sheadi 20 col- 

the heart 14 A pacemaker set 16 is shown implanted within l^ses or kinks during use one of die identified con:qx)nciits 

die patients can be inserted through the introducer sheath 20 to 

Access to the subclavian vein 10 can also be attained by straighten it Preferably, the introducer sheath 20 is suffi- 

gfr^ftitfng through the tissue layers of die patient 8 down to dendy flexible or soft at die distal end 25 to prevent 

die cqihalic vdn 9. The cephalic vdn 9 is located in die 60 inadvertent perforation of die myocardiuncL The introducer 

deltopectoral groove of the chest walL The cqihaHc vdn 9 shcadi can be made of any suitable material having desired 

extends beneath die davide, running ultimatdy to die strengdi, flexibility and/or bioconq>atability properties, 

subdavian vein 10. After sectioning througji die tissue lYcferably, the introducer sheadi 20 has a low-friction sur- 

layers to isolate the cqihalic vein 9, an incision is made in face such as a pdymeric mntfirifll, a photopolyacr^amide- 

die cephalic vein 9 and die pacing lead 12 is inserted through 6S hepaim cono^lex, a polyediylene glycol, a hyaluronic add, 

die indsion and advanced dirough the cqihalic vein 9 to the oca. potyvin^yrrolidone material (all available from Blo- 

subdavian vein 10 and then into the heart 14. metric Systems, foe, Minne^lis, Minn.). 
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The inside diameter 22 of the iDtioducer sheath is of dilator 32. The inside diameter 34 is sufficient for the dilator 
saffidcnt size to slidaMy receive a number of conqwnents, 32 to pass over a guide member, such as a flexible gddewire 
such as dilators, guide members, bafloon-tqiped catheters. having a diam^ of 0.66 mm to 0.99 mm. The gmdewire 
pacing leads, or the like. Hie introducer sbea& acts as a can be aay conventionally used guidewire. 
guide passage for these conqwncnts. Preferably, the inside 5 jji another embodiment, the outside diameter of the intro- 

diameter 22 has a low-friction suifecc so as to allow die ducer sheath 20 can be tiered from the proximal end 26 to 

components to pass easily through the introducer sheath. As the distal end 25 or the introduce sheath can have an 

willberecognizedbyoneof ordinary skill in the art, many inareasing wall thickness from the distal end 25 to the 

polymeric materials and coatings, such as fluorocarbons, proximal end 26 to provide greater flexibility along its 

will provide the desired lulaiccusness as well as the surfaces lo icagOi near the distal end 25 and greater strength along its 

discussed above. The inside diameter 22 typically is constant icngA near the proximal end 26. Likewise, die introducer 

along the length of the introducer sheatii and wiU range from shcafli 20 can comprise several sections of varying stifi&icss, 

2French(2F)tol4Rench(0.66mmto3.96nmi)depending the material can be cross-linked, etc. In yet anodicr 

onthediameterof thecomponentsinusetherewith-ThewaU embodiment the outside diamcto of the dilator 32 can be 

thickness wOl typicaUy range from 0.17 mm to 0.25 mm 15 t^)cied fix>m die proximal end 40 to die distal end 38 to 

However, smaller and larger sizes can be used should closely fit die inside diameter of the introducer sheath 20. 

smaller or larger devices need to be introduced into the right jhe introducer sheath 20 preferably only has increased 

ventride. flexibility along the distal portion extending from fee supe- 

Introducer sheath 20 in acctndance wife fee present riorvenacavaSVCtotheapexAPof the right ventricle RV. 

invention is of greater length than sheafes previously used 2° pjQg 5 and 5A iUustrate an aUemate embodiment of the 

for right ventricular placement of pacing leads. Introducer dilator and introducer sheafe. The dilator 32' has a tapensd 

shcafe 20 is of sufficient length to aUow proximal end 26 to djstal end 42 and a central bore (not shown) configured to 

be located outwardly from cifecr a right side or left side recdve a guide mcmbct The dilator 32? has a clq) 44 

inddon in the cxtcriOT sMn 6 of the patient 8 over fee attached to fee proximal end 46, fee dip extending in fee 

cephalic vein 9 when distal end 25 is at fee ^AP of fee 25 distal direction and feen radially inwardty. The introducer 

right ventride in fee patient's heart 14. Typically, fee Icngfe sheafe 20* has a first portion 48 having an inside diameter 

erf fee introducer sheafe will ran^ from 20 cm to 75 cm greater djan the outside diameter of fee dilate 3J. The 

depending on fee size (rf fee patient fee lengfe of the pacing introducer sheafe 2(r can be sli^dy tapmd fixim the distal 

lead, etc Preferably, fee introducer sheafe is 40 to 60 cm end of fee first portion 48 along tapered segment 50 to a 

^ cylindrical portion 52. In the alternative, the introducer 

The introducer sheafe 20 can also conQ)rise a plurality of sheafe 20^ can be tiered from the distal end of fee first 

perforations 28 to form a weakened line abng fee Icngfe of portion 48 all fee way to distal end 54. IMerably, the distal 

fee introducer sheafe 20 to allow fee introducer sheafe to be end 54 of fee introducer sheafe 20' is rounded to prevent 

split ^art or peeled away in order to remove it fix)m fee damage during entry into fee subclavian vein 10. 

patient 8. Preferably, fee perforations are indentations which ^ The introducer sheafe 2r furfeer includes a flange 56 at 

do not extend completely through fee thickness of fee its proximal end. The flange 56 can have a flat portion 58 

inttoducer sheafe 20 $0 feat air does not flow through feem. (Fiq. sa) along its periphery conesponding to fee shape and 

In anofetf embodiment of fee introducer sheafe 20 shown size of fee 44 of fee dilator SZ. The clip 44 and flange 

in FIG. 3A, a groove 30 forms fee weakened line along fee ^ 56 can be locked together by axially sliding fee introducer 

lengfe of fee introducer sheafe 20. The plurality of perfo- sheafe 20* onto fee dilator 32 so that Che fiat portion 58 

rations 28, groove 30« or ofeer weakening means can be in passes under fee dip 44 and then by rotating fee introducer 

one (X more locations around the circumference of fee sheafe 20^ so that flange 56 engages clq> 44. This allows fee 

introducer sheafe 2# for stabling fee introducer sheafe 20 to introducer sheafe 2(K to be detacfaably mated wife fee dilator 

be severable along fee lengfe feereof. The weakening means 37 to prevent separation of fee introduce' sheafe and dilatcn' 

can take a number of forms such as reduced wall thickness during insertion and manipulation of fee two in fee patient's 

or integral cutting agents sudi as strings and fee like. body. The introducer shesoh 20" can furfeer include a groove 

As an alternative to <7 in addition to fee groove or or dit 6# extending through fee flange 56 along fee first 

plurality of perforations, a slitter 31 shown in FIG. 17 can be portion 48 into fee taper 50. The groove or sHt 60 through 

used to cut apart fee introducer sheafe 20. The slitto: 31 has 50 fee flange 56 allows the flange 56 to be broken ^>art so that 

a grq>ping area 33 for holding and guiding fee slitter when introducer sheafe 20* can be pulled apait along fee 

in use. A frusto-conical portion 35 leads to a blade 37 that groove 60. IVeficrahly, fee introducer shcafe 20' and dilator 

is used to split qjart fee introducer sheafe 20.71iemefeodof ^ made of a polypropylene material, 

using the slitter^ groove, plurality of perforations, or ofeer FIGS. 8-16 illustrate fee mefeods of inserting the pacing 

weakening means will be discussed later. 55 lead 12 into fee patient's heart 14. The heart 14 and 

FIG. 4 is one embodiment of a dilatn* 32 in accordance associated ^ructures inrlurir fee subclavian vein 10, supe- 

wife fee present invention. The dilator 32 has an inside ^ vena cava SVC, inferior vena cava IVC right atrium 

diameter 34, a taper 36 at a distal end 38, and a flared RA, tricuspid valve TCV,rigJit ventricle RV, apex AP of fee 

proximal end 40. The dilator 32 is configured to have an ventricle, pulmonary artery PA, left ventricle LV, mitral 

outer diameter that dosely fits fee inside fifam^^*^ 22 of 60 valve MV, left atrium LA, and aorta A. 

introducer shcafe 20 when fee flared proximal end 40 abuts FIG. 8 shows the needle 4 puncturing fee exterior skin 6 

fiared proximal end 26 and fee taper 36 extends beyond fee of fee patient 8 to enter fee subdavian vein 10. Preferably, 

tapered distal segment 24 of introducer sheafe 20. That is, an 18 gauge, thin wall needle is en^loyed in accordance 

fee outer diameter of fee dilator 32 is slightly smaller than wife fee present inventiorL However, fee size of the needle 

fee inside diameter of fee introducer sheafe 20 so feat the 65 can be smaller or larger depending on the size of fee 

dilator 32 can slide into fee introducer sheafe 20 wifeout components to be used fecrewife such as a guidewire. etc A 

undue friction between fee introducer sheafe 20 and fee piston 62 of syringe 2 is wifedrawn slightly to draw a small 



06/09/2003, EAST Version: 1.03.0002 



5,639,276 

9 10 

quantity ai blood from the subclavian vdn 10 to insure that to enter the subclavian vein 10 as shown in FIG. 10. The 

die needle 4 has entered die vein. The syringe 2 is removed dilator 32 adds mechanical strength to the introdnoer sheath 

from the needle 4. Afiexihle guide member 64 as illustrated 20 during entry into the patient 8 through soft tissue and 

in FIG. 6 or 6A is pushed through the needle 4 to enter the musdc until tte dilator 32 and introducer sheath 20 reach the 

subclavian vein 10 as shown in FIG. 9. Akemativeiy, flie 5 venous system. Tbc dilator 32 is removed after ftie intro- 

flexible guide member 64 can be advanced into the subda- sheadi is sufficiently inserted into the superior veaa 

vian vein 10 tfirou|Ji the cq)halic vein as discussed above. (^y^ gyC over guide member 64. The dilator 32 and 

The flexible guide member 64 can be a straigjit, J-tq^ introducer sheath 20 can be guided over the guide member 

guidewire as shown in HG. 6. Tlie guide member 64 is of 54 whether the guide member 64 is inserted in the cephaHc 

sufiSdent diameter to pass throug^i the needle 4. Typically, vein or tbc subclavian vein. 

guidewire diameters range from 2F to 3F (0.66 mm to 0.99 m. • , . *u 11 v * u 

LI),^llegmdememl^64preferahlyhasaflexible^^ 7^'^ ^^^^^f^ ^"^^^^S? T""^ 

at a distal end 68. IHe cunSi segment extends throu^ an f^^^"^ Tl^^"^ "^T- """"l ^ 

arc of approximately 150° and ty&y has a radius If 3.0 sheath of the presem myennon can be advanc^ 

to6.0iiiuTTieJ-ti^isfiexiblesotfaatitwinfl« T^^r^lS""^ m '^^^^ 

astiaightconfigumtosoastobeeasaysUdablethrough&^ "^^f ^^^a^^^^k^^ 

neS. However, the curved segmem is resiHentlybia^ "^T^i^*^^^' "^^n^Tt ^2 

so that when it exits the needle ^assumes its J-sh^ in a adyanc^ through the supeaor vena cavaSVC mto thenght 

relaxed state. The guide member 64 typically will range in ^ fluoroscopy. 

length from 40 cm to 120 cm, but preferably is lOOcmlong. In many cases, the straight, J-tipped guidewire 64 or 

nG. 6A iUustrates an alternative configuration for fee angled, J-t^>ped guidewire 64* can be advanced into the ri^t 

guide member. Guide member 64* is an angled, J-t^ ventride RV. The preformed, J-shaped curve on die distal 

guidewire with an angled segment 72. Preferably, the angu- end of the guide meinber faciUtaies crossing the tricuspid 

lationof the guidewire is approximately 135^ andoccursat vahre TCV alraumatica^. If the gmdcmcnibtr 64 or 64^ 

about 4 cm from the Mp 66 at the distal end 68. A « passes easily mto the ngbtveatndeRV through the tnaispid 

removabletorquingarsteeringdeviceTOcanbcaltadiedto valve TOT, die introducer die^ 

gqideincmbCT64\Tlie steering device 70 fadUtates rotation ^ member 64 or 64 into the ventndc RV as 

oftihc guKic number 64' to orient the angled SOTicnt showii in Ha li The introducer sheath 20 is advanced over 

dircctionally toward the tricuspid valve TCV fFIG. 11). ^ mcmbo: 64 or 64* by pudiing along the lengdi of 

FIG. 6B iflustrates another embodimctit for the guide 30 mtroducer sheath^t is lo^ 

.^^u^-n.^^^iA^^.^i^t^^u.^r^ryr^^r^ihr^Z^ infiadavicular puncture in the pah^'s skin. Once die 

mcmbeLTTicgmdcmOTb^64 introducer shea&20 is positionedT&c right ventricle RV 

An outer coded wire 65 cxtendmg from proximal end 67 to Jl^rr^^h^ a1 ZniZ r^h^^ «r aa* 

distal end 69. Tlie wire diameter is typically 0. 178 mm and "^^^^ ^ ^1 ^J^tL ^ 

iscoiledtofonnanoveniUcoildiamS^raigingfrom2Fto canbewMidraw^ 

3F (0.66 mm to 0.99 mm). The outer coiled wire 65 can be 33 can oe retamed. 

stainless steel, coated with tetrafluoroedxylene flnorocarbon If the guide member 64 or 64* does n<rt pass easilythrough 

polymers such as the one sold under die trade name ^ tricuspid valve TCV, the guide member 64 or 64* is 

'TEFLOJT (available from EJ. DuPont de Nemours Co., removed and a balloon-tq)ped, flotation catheter 64A as 

Whnington, Del, 19898) and/or heparin bonded. Within die shown in FIG. 7 is inserted in the introducer sheath 20. The 

cotted wire 65, there is a holding wire 63 attached to die 40 baUoon-t4>ped catii^ 64Ais typically 40 onto 95 cm in 

distal end 69 and at a pomt near die proximal end 67 to lengfli and prefetahly 75 cm. The outside diamctw of die 

minimize the possiHlily of coQ fracture or stretching. The balloon-t^ cathete r typica lly ranges from 4F to 8F (132 

holding wire diameter typically ranges from 030 mm to mm to 2.64 mm) and preferably is 5F (1.65 mm). 

QL51 mm. Also widiin die coiled wire 65 is a support wire 61. The baUoon-tipped catheter 64Ais advanced in a deflated 

The desired angled segment 72 can be frnmed by angling the 45 position dirpugh die introducer sheath 20 until it exits the 

support wire 61. In addition^ the support wire 61 can be a distal end 25 of die introducer sheath 20 in the right atrium 

flat, fonnable wffe (Le., ribbon-type wire 0.254 mm wide RAas shown in FIG. 12A. The balloon 74 is Inflated after 

and 0.(X76 nam ddck) to he^ facilitate angulation. it exits the distal end 25 of the introducer sheadi 20 by 

Tlie support wire 61 can be cidier fixed or movable. TTie opening the stop cock 75 of valve 76 attached to die 

fixed siq3port wire extends from die pffoximal end 67 to a so proximal end 78 of die balloon^ipped catheter 64A (FIG. 7) 

pomt 73 at the beginning of die flexible J-tq> 66. The fixed and depressing the piston 80 of syringe 82 Tffbldi is attached 

support wire typically tapers over its distatmost pcalion to valve 76. The piston 80 forces air in die syringe 82 

(Le., approxmiatelydielast6cm.If tiiesupportwire61is dirough an inflation tamen in the balloon-dpped catheter 

movabie, die location of die angulation is movable as well 64A and into the balloon 74 through opening 84. After 

to accommodate variously shaped hearts. The movable 53 inflating the balloon 74, the stop cock 75 is dosed so tiiat die 

support wire can be coated widi tetraflaoroethylene fluoro- balloon 74 remains inflated. The inflated tTalloon diameter is 

carbon polymers such as the one sold under the trade name qjproximately 1 cm. H will be qipieciated by one of 

*TEFLOJr (available from BJ. IXiPoat de Nemours Co., ordinary skill in die art tiiat other balloon-tipped cadicters 

^^Imington, Del, 19898) to provide free movement within commonly known in tbc art such as double or triple lumen 

die outer coiled wire 65. The support wire 61 and holding 60 balloon-^ipcd catheters can be used in accordance witii die 

wire 63 can be stainless steel, coated widi tetrafluOToefliyl- jmscnt invention. 

ene flu<ffocarbon polymers sudi as die one sdd under die The introducer sheadi 20 is stabilized with its distal end 

trade name *TEFIjON" (available from E.L DuPdnt de 25 in die rig^t atrium RA and die balloon-dpped cadieter 

Nemours Co., Wilmington, Del, 19898), and/or heparin 64A is advanced under fluoroscopy through die tricuspid 

bonded. 65 valve TCV taking advantage of the flow-directed properties 

' The needle 4 Is then removed enabling the dilator 32 and of the inflated balloon 74 to be carried by the blood flow into 

introducer sheath 20 to be guided over the guide member 64 the right ventride RV instead of into the inferior vena cava 



06/09/2003, EAST Version: 1.03.0002 



5,639^76 

11 12 

IVC. Hie balloon^^iped catheter 64A is advanced to the Because of the length of the iotroducer sheath 20 and the 
vidnity of the apa AP of the rig}it vcntnde RV. The need for the positioned the pacing lead 86 to remain stable, 
position of die balloon-tipped cadieter 64A can be confirmed optimal introducer sheath 20 removal may require a scalpel- 
fluoroscopically. After stabilizing the position of die Ute, slitter 31 as shown in FKJ. 17 and described above. 

baUoon-tipped caflirter 64A, die introducer sheafli 20 is 5 Channel 41 of fiusto-conical portion 35 can be attadied to 

^aiiced across the tricuspid valve TCV over die baUoon- the bo<fy of flie pacing lead 86 to facilitate slitting of die 

^Jf^,^'i!!!^ Its distal end^ ormects inttoducer sheadi 20 during withdrawal of the intoxiuca 

ftemfla^baU<»n 74 .^shown m HG. 13. ^^^V,^ sheato 20. IHe fa.stum39 is inserted into the introducer 

T^Zt^7^ "f H ^IT ""^^ sheath20andtteintroducersheath20ispulledproximaUy 

'^''!L!^\°r°- K^^^f'S^^ *^ 10 ovexdieftusto^nicalportionSStoengaiethe^-lite 

myDcanlmmofd.e nBht yentndeRV. blade 37. Tlie blade 37 iTfteintrodu^shealhM and die 

A radicMTaqued^tip marker such as ban^ c^^eal shape of die frusto<onical portion 35 helps to 

OQ die mtroducer sheatfi 20 can be provided to improve separate die introducer sheadi 20 as it is pulled proMy. 

fluorDsoqpic ^nakzation of the di^ end 25 of themtro- Gripping area 33 helps to stabilize die sUtta 31 during use. 

ouccr sncam 20. Lucewise. otfaer radio-opaque maikcrs can m 

be used, or a pcrton of Off the cntirc length of the introducer After the introducer sheath 20 is coiiq)lrtdy removed 

sheath can be radio-cpaquc. In addition, the balloon-tipped patient 8, the pacing lead 86 is connected to a 

cath^ 64A can have similar types of radio-opaque mark- paang systems analyzer and standard evahiation of lead 

ers. Radio-opaque markexs along the introducer sheatii 20 position can be pcrfonMd by testing pacing thresholds, 

can be used to measure the proper length of a permanem « sensing, and lead in5>cdance. Mino- position changes can be 

pacemaker padng lead. In this way, a padng lead that is too accon:5)lishcd by manipulating the pacing lead 86 direcfly if 

short or too long won't first be inserted and then have to be necessary. After the pacing lead 86 is properly positioned, 

removed and replaced with a proper length lead as some- ^ permanent pa rem a kw set 88 is then attached and 

times occurs with conventional methods. inq>lanted in the patient 8 using standard pacemaker iHOce- 

After stahfliringthe introducer sheath 20 in position in the 2s 

vicinity of the apex AP of the right ventride RV, the balloon The pacing lead 86 can be part of a permanent pacemate 

74 is deflated by q^enlng stop cock 75 and the balloon- set 88 such as the one that is illustrated in FIG- 18. Typically, 

tqjped catheter 64A is withdrawn and removed from the padng leads have a diameter of 4F to IIF (132 mm to 3.63 

patient 8 as seen in FIG. 14. After completely r^noving the imn). However, the jn-esent invention could be down-sized 

balloon-tq>pedcafiieter 64A, a permanent ventricular pacing 30 to acconunodate die placement of smaller diameter leads, 

lead 86 is advanced through the introduce sheath 20 directly The pacemaker set 88 has a pulse generator 90 conqirising 

into the right ventride RV without the possibility of inad- an electronic circuit and power supply enc^solated Uierein. 

vertently passing into the coronary sinus or becoming The pulse generator 90 has a receptacle 92 for receiving a 

entangled in toe tricuspid valve TCV or with rigjit ventride plug 94 of toe padng lead 86. The plug 94 has a phn:ality of 

trabeculae (FIG. IS). Wto toe introducer sheato 20 of toe 35 ridges 96 wbidx operate as CVrings to form a seal wito toe 

Iffesent invention advanced through toe tricuspid valve TC^, receptadc 92 wh«i toe plug 94 is inserted tocrcin. The plug 

toere is no need to use a curved stylet to advance toe pacing 94 is secured in toe pulse generator 90 wito vice socw 98. 

lead 86 into toe right ventride RV as is usually necessary A cap 100 covers toe end of toe recq>tade 92. A conductor 

wito conventioDal introducer sheatos. A straiglit stylet in toe 102 connects toe plug 94 to a tined pacing lead t^ 104. The 

pacing lead 86 is sufficient The padng lead 86 can also have 40 tined leads are used to attach toe pacing lead 86 to toe tissue 

sofiEdent strcngto itself to pass through toe introducer sheato at toe apex AP of toe riglit ventride RV, 

20intotoerightvealrideRVwitoouttoeneedforanystylet Altooughaspedfic example of toe permanent pacemaker 

^^A^ ^ ."^^J^^^"^^ ^i^^heaittoattocappanSsandmetocKlhereindisdosed 

^'^.^^^^'^^^rSf^^^^^'^l^^ are not limited to sudi a pacemabT set For example, toe 

25 of tte mtroduc^ Mi 20 mcrcas^ toe of perfo ^^^^^^ ^ compatihie for use wito multiple l^tempo- 

ratmg toe ap^ APof toe nght ventnde RV Likewise. pacemaker lead placement an inte^la or on^ 

manipulalmgtoemtrodu^^^ ^^^^^ ^^^^^^^^^^^^^^ 

mtoencmityoftoeap^L/^ofter^ j^^^i^ ^^^^^^^^^^^^^^^^^^^ 

notbedoneasdamagetothemtroduccrshe^ » by one of ordinary skill in toe art toat aU dimeEfe 

to the right ventricle RV in^ oc«r. The ratooKipaque g„idewires, dilators, sheatos, etc are for example only and 

markers coidd serj^ to idei^ how for m a distal tored^on Lt toe size of afl co^mponents can beinaSWde^sed 

to advance toe padng lead 86. In addition, if repositioning to fit spedflc needsT^ 

of toe introducer sheato 20 is desired, toe balloon-tq^ped i^^^^ 

catoeter64A can be reinserted and advanced to the qiexAP 55 Although the invention as described pertains to toe intro- 

cf toe right ventride RV so that toe introducer sheato 20 can <hiction of pennan«it pacing leads into the right ventricle 

be advanced over toe body of the balloon-tqipcd catoeta RV of the heart 14, otoer devices can be introduced into toe 

64A. nght ventricle RV. Exan^les cf other medical devices 

When toe pacing lead 86 has been positioned near toe indude. but are nu limited to, leads for implantable defibril- 

apex AP of toe right ventricle so as to adiieve adequate 60 ^^?° anti-tachycardia pacing systems, tenqxirary 

pacing and sensing, toe introducer sheato 20 is withdrawn P^c"^ leads, clcctrophysiology catheters, and medianical 

andremoved from toe patient a The introducer sheato 20 is devices such as hioptomes (biopsy forceps) used for per- 

witodrawn and removed from toe padng lead 86 by sliding f <M™ing right ventricular end(Hny ocardial biopsies, 

toe introducer sheato 20 proximally over toe pacing lead 86 Modifications and variations of toe present invention will 

and ^tting apart toe introducer sheato 20 along toe plu- 65 be apparent to toose having ordinary skill in the art having 

rality of perforations 28, groove 30, or \^1iatever weakening read toe above teachings, and toe present invwition is tous 

means exists as shown in FIG, 16. limited only by toe spirit and scope of toe f crowing claims. 
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What is claimed is: outside diameter of the introducer sheath which decreases 

1. A device for use in rqiid, atraumatic placCTent of from the prorinial end to the distal cad wbRc the inside 
ninrifp-fll devices in a ri^t ventricle of a patient conqirising: diameter of the introducer sheath remains constant; an 

an introducer sheath used as a passage for transvenous outside diameter of the introducer sheath which decreases 

placement of a medical device in a patient's heart file 5 along at least a portion ofits length wMe the inside diameter 

introducer sheath being of sufficient length to allow a ^ ^le introducer sheath remains constant; stiffiiess which 

proximal end thaeof to be located outwardly from an varies along the length of the introducer sheath from the 

opening in the skin of tiie patient over &e cephalic vein proximal end to flic distal end; stif&iess ^ch varies along 

\^1ienadistalendaf said introducer sheath is at an apex ^ least a portion of the introducer sheath; stiffness which 

of the right ventride, said introducer siieath having a w varies gradually; sti&ess which varies in <Mie incremental 

gradient <rf stif&iess which decreases toward the distal step; stiffness ^^cii varies in a plurality of st^; a material 

end so as to be sufficiently soft and flexible distally to of varying density; a material of varying polymer or metal 

pass atraumatically throu^ a tricuspid valve and have composition mixture; and a matoial having a varied degree 

sufficient strength proximally to allow the introducer of aoss-linking. 

sheath to be pushed along file length ttiereoffliraigh a 15 13. Hie device of daim 12 wherein the dilator varies in 

tortuous venous path to the apex of the right ventride; stiffiiess along at least a portion of its length, 

said introducer sheath having an inside diameter of suf- L^^"""^ said length of said 

fidcntsizetosUdablyrecciveahaUoon.tippedcatheter intr^^r ^^eaA is at le^t 40 cm. 

^^.^^ flierefliroufih. device of daim 1 whercm the mside of said 

^S^A^^^ 1 fi^«. ^™r;«no. 20 introducK- sheath is a low-friction surface. 

2. The device of dmm 1 further compnsmg. 16. The device of daim Iwherdn said inside diameter of 
a balloon-tipped catheter within said introducer sheaflL ^ imioducer sheath is at least 1.65 mm. 

3. The device of claim 1 further congmsing: device of daim 1 wherein said introducer sheath 
a radio opaque marloar at the distal end of said introducer has a length sufficient to extend from the apex of the right 

sheaflL 25 ventride to outwardly of an incision over the ccphaHc vein 

4. The device of daim 1 further conqaising: on the patient's rig^t side. 

at least one radio opaque marker spaced from the distal 18. The device of claim 1 wherein said introdncer sheath 

end of said introducer sheaflu has a length sufBctent to extend from the apex of the right 

5. Tlie device of daim 1 "pdierein said introducer shealh is ventride to outwardly of an incision over die cephalic vein 
radio opaque along at least a portion of its length. 30 on the patient's left side. 

6. The device of daim 1 fiuther con^xising: 19. The device of daim 1 wherein a distal portion of the 
a groove extending along said introducer shealh to introdncer sheath that extends from the supericv vena cava 

weaten said introducer sheath to allow said introducer to an area in the vidnity of q)ex o£ die ri^t ventride is 

sheath to be split apart soft and flexible. 

7. The device <^ daim 1 further conqvising: ^ 20. A device for use in r^id, atraumattc placement of 
a plurality of perforations cxtaiding along said introducer medical devices in a ri^t ventride of a patient con^maing: 

sheath to weaken said introducer sheath to allow said an introducer sheath used as a passage for transvenous 

introducer sheath to be peeled away. placement of a medical device in apatient's heart, said 

8. The device of daim 1 further conqrising: introducer sheath being of suffident length to allow a 
a flange attadied to die proQdmal end of said introducer ^ proximal end thereof to be located outwardly from an 

gj^j^ opening in Che skin <^ the padent over the cephalic vein 

9. The device of daim 8 further conning: when a soft and flexible distal end of said introduoea- 
a dilator having a tapered distal end, a central bore of J" "l^J^^ 

suffident ^ to^^ a guide member therethrough, t^^^ s^a^iic^ topass atr^- 

andbeingof suffidentleniditoextendfromaira^ "^^^f 

endlocaidatapointbeyond saldproximaleildof said aent strength to f 

introducer shea£^ tile distal e^ of said introducer ^^^^ k^°5 Jf 

sheath- venous path to the apex, of die right ventnde; 

said intniducer shealh having an inside diameter config- ^ said introducer sh^ha^ a gra^ 

ured for a dose fit of said dilator in said introduce decreases toward the di^ end along at a portion 

of its lengdi and an inside diameter of sufficient size to 

10. The device of daim 9 further conqrising: ^^P^ ''^^''^1^!^^ th«through. 
1. ^ J * ^ -1 vTon-^ * 21- The device of daim 20 further conqinsmg: 

a dip attadied to die proximal end of said dilator for , ^ , 

detadiahly mating with said flange attadied to the 55 a rtmovaWe flexible guidcwire slidaWy received m said 

proximal end of said introducer sheath to prevent mtroduccr shealh. ^ . 

Reparation of said dilator and introd^ 22. The device of dami 21 wheran said removable 

n^ulation. flexible guidewire is an angled, Mpped guidewire. 

IL The device of daim 10 further con^Hishig: 23. The device of daim 20 furdier conqnising: 

a slitter fw slitting sdd introduces sheafli longitudinally 60 a radio opaque marim at die distal end of said introducer 

from die proximal end to the distal end upon with- shealh. 

drawal of said introducer sheatti from the patient 24. The device of daim 20 further coirqnismg: 

12. The device of daim 9 wherein the gradient of stiffiiess at least cme radio opaque marker spaced from the distal 

conqxrises one of the following: a wall thickness of the end of said introducer ^eadi. 

introducer sheatti ^^ch decreases from the proximal end to 6S 25. The device of daim 20 wherein said introducer sheath 

die distal end; a wall duckness of the introducer sheafli is radio opaque along at least a portion of its lengdi. 

which deaeases along at least a portion of its length; an 26i The device of daim 20 further co mprisin g: 
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a groove extending along said introducer sheath to 

weafcen said introducer sheath to allow said introducer 

sheath to be split apait 
27. The device of claim 20 further comprisiag: 
a plurality of perforatioos extoiding along said introducer 

sheath to weaken said introducer sheath to allow said 

introducer sheath to be peeled away, 
2& The device of claim 20 fui&er comprising: 
a flange attached to the proumal end of said introducer 

sheath. 

29. Tlie device of claim 28 further comfxising: 

a dilator having a tapered distal end, a central bore of 
sufficient size to pass said guidewire therethrough, and 
being of sufficient length to extend from a proximal end 
located at a point beyond said proximal end of said 
introducer sheath past die distal end of said introducer 
sheath; 

said introducer shtalh having an inside diameter config- 
ured for a close fit of said dilatoa: in said introducer 
sheadi. 

30. The device of claim 29 further comprising: a dip 
attached to the proximal end of said dHatar for detacfaably 
mating widi said flange attached to the proximal end of said 
introducer sheath to prevent separation of said dilator and 
introducer sheath during manipulation. 

31. Tlie device of daim 29 further comprising: 

a slitter for slitting said introducer sheath longitudinally 
fiom the proximal &id to the distal end upon with- 
drawal of said introducer sheath from the pati^t 

3Z Hie device of daim 29 wherein &c dilator varies in 
stiffiiess along at least a poftion <^ its lengfiu 

33. The device of claim 20 wherein said lengdt of said 
introducer sheath is at least 40 cm. 

34. The device of daim 20 wherein the inside of said 
introducer sheath is a low-fiiction surface. 

35. The device of daim 20 wherein said inside diameter 
of said introducer shea& is at least 0.66 

36. The device of daim 20 wherein said introducer sheadi 
has a length sufSdeot to extend from the apex of the right 
ventride to outwardly of an indsion over the cqihalic veio 
on the patient's right side. 

37. The device of daim20 wherein said introducer shcafli 
has a length suffideot to extend from the apai of fite right 
ventdde to outwardly of an incision over the ccphaEc vein 45 
on the patient's left side. 

38. The device of claim 20 wherein the varying stifihess 
conquises one of the following: a wall thickness of the 
introducer sheath which decreases from the proximal end to 
the distal end; an outside diameter of the introducer sheath 50 
whidi decreases from the proximal end to the distal aid 
while the inside diamrlrr of the introducer sheath remains 
constant; stifhiess whidi varies gradually; stiffiicss whidi 
varies in one incremental step; stiffness which varies in a 
plurality of steps; a material ofvarying density; a material of 55 
varying polymer or mttal con:q>osition mixture; and a mate- 
rial having a varied degree of cross-linking. 

39. The device of claim 20 wherein a distal portioD of die 
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an introducer sheath used as a passage for transvenous 
placement of a medical device in a patient's heart, said 
introducer sheath being of sufficient length to allow a 
proximal end thereof to be located outwardly from an 
opening in the skin of the patient over the cephalic vein 
when a distal end is at an apex, of the right ventride, 
said introducer sheath having a gradient <^ stiffiiess 
^ch decreases toward the distal end so as to be 
sufficiently soft and flexible distally to pass atraumati- 
cally througji a tricuspid valve and have suffidcnt 
strength proximaUy to allow the introduce- sheath to be 
pushed along the length diereof through a tcHtuous 
venous path to the apex of the right ventricle, and 
having an inside diameter configured for a dose fit of 
said dilator therein; 

said dilator having a length greater than the length of tiie 
inuxKhicer sheath. 

41. The kit of daim 40 frnlher conqirising: 

a flange on the proximal end of said introducer sheath; and 
a dq> attached to a proximal end of said dilator for 
detadiably mating with said flange of said introducer 
sheath to prevent separation of ^id dilator and intro- 
ducer sheath during manipulatioiL 

42. Hie kit of claim 41 further comprising a balloon- 
tipped catheter sized to fit withio said introducer sheath. 

43. The kit of daim 41 further comprising: 

at least one radio opaque marker spaced from the distal 
end of said introducer sheath. 

44. The kit of daim 40 herein said guide member is a 
flexible guidewire. 

45. The kit of daim 44 wherein said flexible guidewire is 
angled and J-tipped* 

46. The kit of daim 40 further comprising a hollow needle 
having an inside diameter sufficient to pass said guide 
member therethrough. 

47. The kit of daim 40 further comprising a permanent 
pacemaker set 

48. The kit of daim 40 frnlher comprising: 

a radio opaque marker at the distal end of said introducer 
sheath. 

49. The kit of daim 40 ^tlrerein said introducer sheath is 
radio opaque along at least a portion of its lengdi. 

50. The kit of daim 40 further con^iriaing: 

a groove extending along said introducer sheath to 
weaken said introducer sheath to allow said introducer 
sheadi to be split £^>art 

51. The kit of daim 40 further comprising: 

a plurality of perforations extoiding along said introducer 
sheath to weaken said introducer sheafli to aflow said 
introducer ^eath to be peeled away. 

52. The kit of daim 40 further conqirising: 

a slitter for slitting said introducer sheath longitudinally 
from the proximal end to the distal end upon with- 
drawal of said introducer sheath from the patient 

53. The kit of daim 40 wherein the gradient of sti&ess 
conqdses one of the following: a wall thickness ^ the 
introducer sheath which decreases from the proximal end to 
the distal end; a wall thickness of the introducer sheath 



introducer sheath that extends from the superior vena cava ^ 

^TTfi^^."'^'^'^'^'^''^'^'^^''^"^'^'^ ^ wWdidecxeasU'atongatlea^lp^rtion^irf 

* t .f^^' ... . . outside diameter of the introducer sheath which decreases 

40. Akitforrapd,atraumaticiightventriato proximal end to the distal end whfle the inside 

of medxcal devices conqmsmg: diameter of tiie introducer sheath remains constant; an 

a guide monber, outside diameter of the introducer sheath which decreases 

a dilator having a t^ed distal end and a central bOTe of 65 along at least a portion of its length whfle flie inside diameter 

sufficient size for passing the guide member there- of the introduca- sheath remains constant; stiflEhess which 

through; and varies along the length of the introducer sheath from fee 
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proxiiDal end to the distal end; stiffiiess wMcb varies along 
at least a poitioD of the introduce- sheath; stiffisess which 
varies gradnally; sti&ess vAdct varies in one incremental 
step; stiffness which varies in a plurality of steps; a mfltprial 
of varying density; a material of varying polymer or metal 
coii4)osition mixture; and a material having a varied degree 
of doss-linking. 

54. The kit of claim 40 wherein the dilator varies in 
stiffiiess along at least a portion of its length. 

55. Hie kit of daim 40 whcceiD said guide member is a 
ballooQ-tqjped catheter sized to fit within said introducer 
sheath. 

56. Tlie kit of daim 40 further conquising a flexible 
goidewire. 

57. The kit of claim 56 wherein said flexible guidewire is 
angled and J-tipped, 

58. The kit of daim 40 wherein a distal portion of the 
introducer sheath that extends from the superior vena cava 
to an area in the vidnity of the apex of the right ventridc is 
soft and flexible. 

59. Amethod for rapid, atraumatic ri^t ventricular place- 
ment of medical devices across a tricuspid valve to an apex 
of a right ventride in the heart <^ a patient conqinsing: 

providing a guide member and a hollow needle having an 
inside diameter suffident to pass said guide member 
therethrough; 

providing an introducer shealh used for transvcaous 
placement of a mcdica] device in apatient*s heart, said 
introducer sheath being of sufficient length to allow a 
proximal end diereof to be located outwardly from an 
opening in the skin of the patient over ttie cq)halic vein 
when a distal ^d is at an epoL of the iig|it ventride, 
said introducer sheath having a gradient of stiffoess 
wMdi decreases toward the distal end so as to t>e 
suflSdenily soft and flexible distally to pass atraumati- 
cally thiou^ a tricuspid valve and have suffrrifait 
strengfli proximally to allow flic introducer sheafli to be 
pushed along flie length tfaezeof flnx)ogh a tortuous 
venous path to the apex of the rig^ ventride, and 
having an inside diamrtfr of suf&dent size to pass said 
guide member therethrougli; 

inserting said needle into a vein of the patioit; 

pas^ said guide member througih said needle into the 
vein and into a superior vena cava; 

removing said needle; 

advancing said guide member across the tricuspid valve to 
a vidnity of the apex of flie right ventride; and 

advancing the introducer sheafli over said guide member 
across flie tricuspid valve into flie vidnity of flie apex 
of the right ventride. 

60. The m^hod of daim 59 \fiierein said vein is a 
cephalic vein. 

6L The m^iod of daim 59 wherein said vein is a 
subclavian vein. 

6Z Hie mefliod of daim 59 wheran said guide member 
is a flexible goidewire. 

63. The mefliod of claim 62 further comprising removing 
said flexible guidewire. 

64. The mefliod of daim 63 wherein said flexible 
guidewire is angled and J-tipped. 

65. The mediod of claim 59 wherein: . 

said guide member conqnises a baIloon-tq»ped cafli^; 

said method fiirflier couqirises: 
advancing said bailooo-tipped catheter in said intro- 
ducer sheafli unfll a distal end of said ballooa4^>ped 
catheter exits flie distal end of said introducer sheath 
in proximity to flie tcioispid valve; 
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inflating a balloon on the distal end of said balloon- 

^pped catheter; 
advancing said balloon-tipped catheter across the tri- 
cuspid valve to the apex of flie rigjit ventricle; and 
advancing said introducer sheafli over said balloon- 
tqyped catheter across the tricuspid valve into flie 
vicinity of flie apex of flie right ventride and deflat- 
ing said balloon. 
66w The mefliod of claim 59 further conqjrising: 
providing a dilattx' having a tq}er at a distal end, a central 
bore of suffident size for passing die guide member 
therethrough, an outside diamfJfx configured for a 
close fit of said dilator in said introducer sheath, and 
having a lengfli greater than the lengfli of said intro- 
ducer sheath; 

positioning said dilate fully in said introducer sheath so 
that flie tapa at the distal end of said dflator extends 
past said distal end of said introducer sheafli; 

sliding said dilator and said introducer sheath together 
over said guide mcnto throu^ flie subclavian vein 
into the superior vsna cava; and 

removing said dilator from the superior vena cava. 

€7. The mefliod of daim 59 further comprising: 

providing a peimanrat pacemaker s^ having a ventricular 
padng lead; 

inserting said ventricular padng lead into said introducer 
sheath; 

advancing said ventricular padng lead through said intro- 
ducer sheath to flie distal end of said introducer sheafli; 

removing said introducer sheath; 

nttanhing said vctttricular pacing lead to the apex of the 
right ventride; 

connecting said ventricular padng lead to said pennant 
pacemaker set; and 

Hn plflnring said permanent pacemaker set into the patient 

68. Hie mefliod of daim 67 wherein: 

said introducer sheafli furflier conqoises a groove extend- 
ing along said introducer sheafli to weaken said intro- 
ducer sfateath to allow said introducer sheath to be split 
2^iart; and the mefliod further conqtrising removing said 
introducer sheath by withdrawing said introducer 
sheafli over said ventricular pacing lead and splitting 
said introducer sheath apart along said groove. 

69. The mefliod of daim 67 wherein: 

said introducer sheath furflier comprises a phnality of 
perforations extending along said introducer sheafli to 
weaken said introducer sheath to allow said introducer 
sheafli to be peded away; and the mefliod further 
con^sising, removing said introducer sheafli by wifli- 
drawing said introducer sheath over said v^tricular 
padng lead and peeHng said introducer sheafli apait 
along said perforations. 
The mefliod of daim 67 further conqxrising: 

providing a slitter for slitting said introducer sheafli 
longitudinally from the proximal end to the distal end 
upon wiflidrawal of said introducer sheath from flie 
patient; and the method further comprising, removing 
said introducer sheafli by wiflidrowing said introducer 
sheafli over said ventricular pacing lead and slitting 
said introducer sheafli apart wlfli the slitter. 

7L The mefliod of daim 59 wherein said needle is 
inserted into flie vein on flie patient's right dde. 

72. The mefliod of daim 59 wherein said needle is 
inserted into the vein on flie patient's left side. 

73. The mefliod of daim 59 flirther conqirising: 
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maloDg an incisioB in tfac skiD of the patient; and 

insertiDg the needle througb the incision and Into the vein 
of the patient 

74 A mediod for rapid, atraumatic right ventricular place- 
ment of medical devices across a tricuspid valve to an apex, 
of a right ventride in the heart of a patient comprising: 

providing a balloon-tipped caflietcr and a hollow needle 
having an inside diameter sufficient to pass said 
balloon-tipped catheter therethrough; 

providing an introducer sheath used for transvraous 
placement of a mr^'ral device in a patient's heart, said 
introducer sheath being of suffideot length to allow a 
proximal end thereof to be located outwardly from an 
opening in the skin of the patient over the cephalic vein 
when a distal end is at an apex of the right ventride, 
said introducer sheath having a gradient of stiffiiess 
whidi decreases toward the distal end so as to be 
suf&dently soft and flexible distally to pass atraumati- 
cally through a tricu^id valve and have sufficient ^ 
strength proximally to allow the introducer sheath to be 
pushed along the iengdi thereof through a tortuous 
venous path to the apex of the right ventricle, and 
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having an inside diameter of sufficient size to pass said 

balloon-tipped cath^cr therethrough; 
inserting said needle into a vdn of the patient; 
passing said balloon-tipped catheter through said needle 

into the vein and into a superiGr vena cava; 
removing said needle; 

advancing said balloon-tipped catheter in said introducer 
sheath until a distal end of said balloon-tipped catheter 
exits the distal end of said introducer sheath in prox- 
imity to the tricuspid valve; 

inflating a balloon on the distal end of said balloon-tipped 
catheter; 

advancing said balloon-tipped catheter across the tricus- 
pid valve to a vicixiity of the apex of the right ventride; 

advancing said introducer sheath over said balloon-tipped 
cattieter across the tricuspid valve into a position adja- 
cent the inflated balloon; 

deflating said balloon; and 

withdrawing the balloon-tipped catheter. 
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ABSTRACT 



A catheter and magnet combination adapted for intraparen- 
chymal positioning of the catheter in the body with a 
magnetic field. The catheter has a proximal and distal ends 
and a himen therebetween. A magnet is disposed in the distal 
end of the himen so that the distal end of the catheter can be 
positioned within the body with the aid of an externally 
applied magnetic field. A tether is attached to the magnet and 
extends through the lumen and out the proximal end so that 
the magnet can be removed &om the catheter through the 
himen once the distal end of the catheter is properly posi- 
tioned. In one embodiment of the invention, the tether is 
sufficiently stiff to be able to push the catheter through the 
tissue. With this embodiment, the magnetic field orients the 
magnet and thus the tip of the catheter, and some or all of the 
force for moving the catheter is applied via the tether. 

18 Claims, 3 Drawing Sheets 
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METHOD OF AND APPARATUS FOR 
INTRAPARENCHYMAL POSITIONING OF 
MEDICAL DEVICES 

CROSS REFERENCE TO RELATED 
APPUCAnON 

This application is a continuaiion in part of U.S. patent 
application Ser No. 08/920,446, entitled Method for Mag- 
netically controlling Motion Direction of a mechaidcally 
pushed catheter, filed Aug. 29, 1997, incorporated herein by 
reference. 

FIELD OF THE INVENTION 

This invention relates to a method of, and apparatus for 
positioning a medical device in the body through the tissue 
(intrapare nchymally). 

BACKGROUND OF THE INVENTION 

Many diagnostic and therapeutic medical procedures 
require transporting a medical device through the body to a 
particular location. There are two principal routes through 
the body: through the body tissue (intraparcnchymally) or 
through the blood vessels (intravascularly). 

Several methods and apparatus have been developed for 
the intraparenchymal placement of medical devices in the 
body. One such method and apparatus, disclosed in Howard 
ct al., U.S. Pat No. 5,125,888, incorporated herein by 
reference, employs a magnet releasably attached to the 
medical device. Hie device is moved within the body by the 
controlled application of a magnetic field to the magnet. The 
magnetic field guides the magnet, which in tum guides the 
medical device to which it is attached. Once the medical 
device is in its desired position the magnet is released from 
the medical device and recovered, typically by manipulating 
it out of the body with a magnetic field. 

While prior methods and apparatus which employed 
magnetism to position medical devices have numerous 
advantages, they also had some draw backs. First, recovery 
of the magnet could be difficult and time consuming, pro- 
longing the medical procedure. Second, in some instances it 
can be difficuh to generate a magnetic field sufficiently 
strong to move the medical device through the tissue, arxl in 
a desired strength and direction to move the medical device 
along the desired path. 

SUMMARY OF THE INVENTION 

The method and apparatus of the present invention 
involve magnetically guiding a medical device on an intra- 
parenchymal path through the body. Generally according to 
the method of this invention a magnet is provided in the 
himen of a catheter, adjacent the distal end with a tether 
extending from the magnet, through the lumen of the cath- 
eter to the proximal end. The distal end of the catheter has 
a restriction to retain the magnet in the lumen. The distal end 
of the catheter can be guided intrapareochymally to its 
desired position by the controlled application of a magnetic 
field, which acts on the magnet inside the lumen. Once the 
distal end of the catheter is in its desired position, the magnet 
can be quickly and easily withdrawn through the liunen of 
the catheter with the tether, eliminating the need to detach 
and man^ulate the magnet out of the body encountered with 
some prior art methods. 

Further, according to one embodiment of the invention, 
the tether can be sufficiently stiff to function as a guide wire 
to help advance the catheter through the tissue. In this 
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embodiment, the magnetic field need only be sufficiently 
strong to freely orient the magnet inside the distal lip of the 
catheter, and the motive force for advancing the catheter 
through the tissue is provided by tether or guide wire. The 

5 distal end of the tether/guide wire is preferably relatively 
flexible to allow the magnet to freely orient the distal end of 
the catheter under the influence of an applied magnetic field. 
The proximal end of the tether/guide wire is preferably 
relatively stiff so that it can urge the distal end of the catheter 

10 through the tissue. 

The method and the catheter/guide wire or cathetcrAether 
of the present invention facilitate quick, easy and accurate 
intraparenchymal positioning of a catheter in the body. Once 
the catheter is properly positioned it can be used during a 

15 diagnostic or therapeutic procedure, either directly or as a 
passage for other medical devices. 

These and other fieatures and advantages will be in part 
apparent and in part pointed out hereinafter. 

20 BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a longitudinal cross-sectional view of a first 
embodiment of a catheter and magnet combination con- 
structed according to the principles of this invention; 
25 FIG. lA is a longitudinal cross-sectional view of the first 
embodiment with the magnet partially withdrawn firom the 
distal end of the catheter, 

FIG. 2 is a longittidinal cross-sectional view of an alter- 
nate construction of the first embodiment of a catheter and 
^0 magnet combination; 

FIG. 3 is a longitudinal cross-sectional view of a second 
embodiment of a catheter and magnet combination con- 
structed according to the principles of this invention; 
35 FIG. 4 is a top plan view of the magnet and attached 
tether/guide wire of the second embodiment; 

FIG. 5 is a top plan view of guide wire core of the 
tether/guide wire shown in FIG. 4; 

FIG. 6 is a vertical longitudinal partial cross-sectional 
40 view of the distal end of the tether/guide wire taken along 
the plane of line 6 — 6 in RG. 4; and 

FIG. 7 is a vertical, longitudinal partial cross-sectional 
view of the proximal end of the tether/guide wire taken 
along the plane of line 7 — 7 in FIG, 4. 

Corresponding reference numbers indicate corresponding 
parts throughout the several views of the drawings. 

DETAILED DESCRIFHON OF THE 
PREFERRED EMBODIMENTS 

50 

A first embodiment of a catheter and magnet composition 
constructed according to the principles of this invention is 
indicated generally as 20 in FIG. 1. The catheter and magnet 
combination 20 comprises a catheter 22 and a magnet 24. 

55 The catheter 22 is of fairly conventional construction, hav- 
ing a proximal end 26, a distal end 28, and a lumen 30 
extending therebetween. The catheter 22 can be made of 
polyurethane tubing, or some other suitable material. The 
size of the catheter 22 depends upon where in the body it will 

60 be introduced, and how it will be used. For use in the brain, 
the catheter might have an outside diameter of about 32 mm 
and an inside diameter of about 2.8 mm, and a length of 
about 14 cm. 

The magnet 24 is preferably a NdFeB (neodymium-iron- 
65 boron) magnet sized to respond to the magnetic field that 
will be applied to move the catheter and magnet combina- 
tion through the body. The magnet is sufficiently small to 
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pass through the lumen 30 of the catheter 22. The magnet is 
preferably elongated so that it can orient the distal tip of the 
catheter in the presence of an applied magnetic field. Atetber 
32 extends &om the magnet 24 through the lumen 30 of the 
catheter 22. The tether 32 is preferably made of nitinol, 
which is highly flexible and resists kiiildng, although the 
tether could be made of some other suitable maleriaL 

The magnet 24 is preferably positioned inside the lumen 
30, adjacent the distal end 28 of the catheter 22. The lumen 
30 adjacent the distal end 28 of the catheter 22 preferably 
has a stricture 34 therein for retaining the magnet 24 in the 
himen. In this preferred embodiment, the distal end 28 of the 
catheter 22 has a tip 36 with a tapering end 38 that forms the 
strictiu^ 34. The tip 36 may be made of urethane coated 
tantalum. 

W^tb the magnet 24 in the lumen 30 of the catheter 22, the 
catheter 22 can be introduced into the body and guided to its 
desired position by the controlled application of magnetic 
fields. Once the distal end of the catheter 22 has been placed 
in its desired position, the magnet 24, which is proximal to 
the stricture 34, can be withdrawn from the limien 30 by 
pulling the tether 32 (compare FIG. 1 and FIG. la). 

As shown in FIGS. 1 and la, the magnet 24 has a axial 
bore therethrough and the tether 32 extends through the 
bore, terminating in a head 40 that secures the tether to the 
magnet An alternative construction of the magnet and tetber 
is shown in FIG. 2. As shown in FIG. 2, the magnet 24' is 
solid and the tether 32' has a seat 44 on its distal end for 
engaging the proximal end of the magnet 24'. The magnet 
24' can be adhesively held in the seat 44, or the seat can be 
crimped onto the proximal end of the magnet, 

A second embodiment of a catheter and magnet compo- 
sition constructed according to the principles of this inven- 
tion is indicated generally as 100 in FIG. 3. The catheter and 
magnet combination 100 comprises a catheter 102 and a 
magnet 104. The catheter lUil is of fairly conventional 
construction, having a proximal end 106, a distal end 108, 
and a lumen 110 extending therebetween. The catheter 102 
can be made of about polyurethane tubing, or some other 
suitable material. The size of the catheter 102 depends upon 
where in the body it will be introduced and how it will be 
used. For use in the brain, the catheter about might have an 
outside diameter of 3.2 mm and an inside diameter of about 
2.8 mm, and a length of about 14 cm. 

The magnet 104 is preferably a NdFeB (neodymium-iron- 
boron) magnet sized to respond to the magnetic field that 
will be applied to orient the catheter and magnet combina- 
tion inside the body. The magnet 104 is sufficiently small to 
pass through the lumen 110 of the catheter 102. The magnet 
preferably has an elongate shape to allow the magnet to be 
oriented in an applied magnetic field. In this preferred 
embodiment, the magnet is a cylinder about 2.2 nmi inches 
in diameter and about 0.6 cm long. The magnet may be 
encapsulated in a urethane coating. 

A tether 112 extends from the magnet 104 through the 
himen 110 of the catheter 102. In the preferred embodiment, 
the overall length of the tether is about 51.2 inches (130 cm). 
The tether comprises a core guide wire 114, which is 
preferably made of nitinol. The guide wire 114 has a 
proximal end 116 and a distal end 118 (see FIG. 5). As 
shown in FIG. 5, the guide wire 114 tapers toward the distal 
end 118, so that the distal end of the guide wire is more 
flexible than the proximal end. In this preferred embodiment 
the guide wire 114 has a diameter of 0.033 inches (0.084 cm) 
and tapers over the distal 3.9 inches (10 cm) to a diameter 
of about 0.011 inches (0.028 cm). 



$1,818 

4 

The distal end 118 of the guide wire 114 extends through 
an axial bore 120 in the magnet 104. A cap of cpoxy 122 
secures the magnet 104 to the guide wire 114. 
The distal portion of the guide wire 114 is covered with 

5 a sheath 124, made of flexible polyurethane tubing. The 
sheath 124 preferably has the same outside diameter as the 
magnet 104, to smoothly slide in the lumen 110, and to help 
prevent the excessive movement of the tether within the 
himen. In this preferred embodiment the sheath 124 is about 

jQ 36 inches (91 cm) long. The sheath 124 is preferably secured 
to the proximal end of the magnet 104 with an adhesive, 
such as SICOMET 40 FDA approved epoxy, available from 
Tracon. The proximal portion of the guide wire is covered 
with a sheath 126 made of braided polyethylene tubing. In 

J5 this preferred embodiment, the sheath 126 is about 13.5 
inches (343 cm) long. A metal cannula 128 (see FIG. 6) 
covers the proximal portion of the wire, and extends partly 
under the sheath 128. In this preferred embodiment, the 
cannula 128 extends proximally of the sheath 126 about l.I 

2Q inches (2.8 cm). The sheath 126 and the metal cannula 128 
help stiffen the proximal portion of the tether 112 so that the 
tether can be used to push the catheter, into which it is 
inserted, through the tissues of the body. 
The magnet 104 is preferably positioned inside the lumen 

25 110, adjacent the disUl end 108 of the catheter 102. The 
himen HO adjacent the distal end 108 of the catheter 102 
preferably has a stricture 130 therein for retaining the 
magnet 104 in the lumen. In this preferred embodiment, the 
distal end 108 of the catheter 102 has a tip 132 with a 

30 tapering end 134 that forms the stricttire 130. The tip 132 
may be made of urethane coated tantalum. 

With the magnet 104 in the lumen UO of the catheter 102, 
and the tether 112 extending through the lumen and out the 
distal end, the catheter 102 can be introduced into the body. 

35 The distal end of the tether 112 is highly flexible, and thus 
the magnet 104 inside the lumen can be oriented by the 
controlled application of magnetic fields, so that the distal 
end of the catheter 102 can be pointed in a particular 
direction. Once the distal end 108 of the catheter 102 is 

40 pointing in the desired direction, the catheter can be 
advanced in that direction by pushing the proximal end of 
the tetber 112, which pushes the catheter. The distal end 108 
of the catheter 102 can be reoriented, by changing the 
magnetic field to reorient the magnet 104, and the catheter 

45 advanced by pushing on the proximal end of the tether 112. 
Once the distal end 108 of the catheter 22 has been placed 
in its desired position, the magnet 104, which is proximal to 
the stricture, can be withdrawn from the lumen 110 by 
ptilling the tether 112. The catheter 102 can than be used 

50 directly for a diagnostic or therapeutic medical procedure, or 
the catheter can be used as a passageway for other medical 
devices to perform a diagnostic or therapeutic medical 
procedure. 
Operation 

55 In operation, the catheter and magnet combination 20 is 
introduced through an opening in the body. A magnetic field 
is applied to orient and advance the catheter and magnet 
combination through the tissue to the desired position. Once 
the distal end 28 of the catheter is in its desireid position, the 

60 magnet 24 is removed firom the catheter 22 by puUing the 
tether 32 to withdraw the magnet through the lumen 30 of 
the catheter. 

In operation, the catheter and magnet combination 100 is 
introduced through an opening in the body. A magnetic field 
65 is applied to orient the magnet 104 in the distal end 108 of 
±e catheter 102, and the catheter is advanced in the direction 
that the tip is pointing by pushing the tetber 112. Once the 
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distal end 28 of the catheter is in its desired posifion, the into the body the distal end of a catheter having a magnet in 

magnet 104 is removed from the catheter 102 by pulling the the lumen adjacent the distal end; moving the distal end of 

tether 112 to withdraw the magnet though the lumen HO of the catheter to its desired position in the body by applying 

the catheter. a magnetic field to the magnet in the catheter to orient the 

Once the catheter 22 or 102 is in position it can be used 5 distal end of the catheter; and advancing the catheter with a 

to perform a medical procedure or it can be used as a guide guide wire extending through the lumen of the catheter, 

to insert medical devices to the area surrounding the distal g ^ ^^^^ ^ adapted to be inserted into the lumen of 

end of the catheter to perform a medical procedure. ^ catheter to position the distal end of the catheter within the 

What IS claimed. , . . . , , body, the guide wire having a proximal end and a distal end, 

1 Id combination wilh a calheter having a proxima^ and 10 ^ g^^^,,^ ^^j^^^j ^^^^ 

dislal end and a lumen therebetween, a magoet m the distal ^^^j ^^j^ ^ 

masnet on the distal end so that 

end of the himen so that the distd end of the catheter can be ^^^^ guide wire is in the lumen of a catheter, the magnet 

positioned within the body with the aid of an externally ^-^^^^ ^^^^ ^^^i „f ^ ,^ j;^^, 

applied magnetic field, and a tether attached to the magnet ^eing sufSciently flexible to allow the magnet 

and extending through the lumen and out the proximal end IS ^ ^^^^ j„ ^ ^ ^ magnetic field to orient the distal 

so that the magnet can be removed from the catheter through ^ ^^^^ „f ^ 

the lumen once the distal end of the catheter is properly ^^j^ sufficiently stiff to aUow the guide wire to push the 

positioned. catheter through the body. 

2. TTie combination according to claun 1 wherein the 5^ p^,,,^,^^ magnetically guided as it is 
distal end of the lumen has a stricture for preventing the 20 ^^^^^ ^ j„ ^ ^ 
magnet froin exitmg through the disud end of the calheter. comprising a magnetic tip positioned near a distal 

3. A method of posiuonmg the distal end of a catheter ^ 

a tether attached to the maanet to 

within the body, the method compnsmg: ^^^^ withdrawal of the magnetic tip after the catheter has 

placing a magnet inside the lumen of the catheter adjacent been desirably positioned. 

the distal end, the magnet having a tether extending 25 -j^^ catheter of claim 9 wherein the magnetic tip is 

through the lumen and out the proximal end; slidably received with the catheter and wherein the catheter 

inserting the distal end of the catheter into the body; has a structure preventing the magnetic tip from being 

applying a magnetic field to the distal end of the catheter driven out of the distal end of the catheter, 

to help guide the distal end of the catheter to the desired „ U* The catheter of claim 10 wherein the tether comprises 

position within the body; * wire extending through the catheter and attached to the 

pulling the tether to withdraw the magnet from the lumen 



of the catheter once the distal end of the catheter is 



12. The calheter of claim 11 wherein the catheter com- 



properlv positioned prises a lumen, and wherein the magnetic tip is sized to slide 

4. A method of positioning the distal end of a catheter 35 '^f Z^T^ """^ strucmre comprises a 
within the body, the method comprising: ^P^'n"' distal end of the lumen to thereby physically 

. , ... prohibit the exit of the magnetic tip out of the distal end. 

inscrtmg a guide wire having a magnet on its distal end 13 t^,^ ^^^t„ „f ^j^j^, wherein the magnetic tip 

mto the umen ot the catheter untU the magnet is f^^^^ j^^^^^^ 

an axial bore through which the tether 

adjacent the distal end of the catheter, ^^^^^ the tether further comprises a head secured to its 

inserting the catheter into the body; distal end and which has a radial dimension large enough to 

moving the distal end of the catheter to the desired prevent its being drawn throughout the axial bore so that as 

position within the body by applying a magnetic field the head is positioned distal to the magnetic tip, the head 

to the magnet in the distal end of the catheter to orient contacts it to pull it out of the catheter as the tether is 

the distal end of the catheter in the desired direction of withdrawn therefrom. 

travel, and advancing the catheter in the desired direc- 14. The catheter of claim 13 further comprises a sheath 

tion by advancing the guide wire. surrounding the tether and having approximately the same 

5. A method of positioning the distal end of a catheter cross section as the magnetic tip so that both the magnetic 
within the body, the method comprising the step of inserting tip and the tether slide smoothly within the catheter. 

into the body the distal end of a catheter, having a guide wire 15. The catheter of claim 14 further comprising a second 

with a magnet on its distal end in the lumen with the magnet sheath and rigid cannula surrounding a proximal end of the 

adjacent the distal end, and moving the distal end of the tether, the second sheath abutting the first sheath and the 

catheter to the desired position within the body by applying rigid cannula being positioned within the second sheath, 
a magnetic field to the magnet in the distal end of the 16. The catheter of claim 12 wherein the tether further 

catheter to orient the distal end of the catheter in the desired comprises a seat on its distal end for engaging the proximal 

direction of travel, and advancing the catheter in the desired end of the magnetic tip and for being attached thereto, 
direction by advancing the guide wire. 17. The catheter of claim 16 further comprising a sheath 

6. A method of positioning the distal end of a catheter surrounding the tether and having approximately the same 
within the body, the method comprising the step of inserting cross section as the magnetic tip so that both the magnetic 
into the body the distal end of a catheter having a magnet in tip and the tether slide smoothly within the catheter. 

the lumen adjacent the distal end; moving the distal end of 18. The catheter of claim 17 further comprising a second 

the catheter to its desired position in the body by applying sheath and rigid cannula surrounding a proximal end of the 

a magnetic field to the magnet in the catheter, and removing tether, the second sheath abutting the first sheath and the 

the magnet through the lumen of the catheter. rigid cannula being positioned within the second sheath. 

7. A method of positioning the distal end of a catheter 

within the body, the method comprising the step of inserting « ♦ « ♦ * 



06/09/2003, EAST Version: 1.03.0002 



United States Patent [i9] 

Anderson 



[11] 4^,362 
[45] Jan. 13, 1981 



[54] ENDOlTUCfflSAL TUBE CONTROL DEVICE 

[76] Inventor: Charles C Anderson, 2827 W. 

Meadowwood Dr., Chesapeake, Va, 
23321 

[21] AppI.No.: 964,503 

[22] FUed: Nov. 29, 1978 

[51] Int CL^ A61M 25/00; A61M 16/00 

[52] VS. a ». 128/200J6; 128/L3; 

128/207.14; 128/772; 128/DIG. 9 

[58] Field of Search 128/1.3, 1.4, 772, 348-351, 

128/DIG. 9,200.26, 207.14 

[56] References Qted 

U.S. PATENT DOCUMENTS 

2»54l,402 2/1951 Cainc 128/351 

2,706,979 4/1955 Wallace 128/1.4 

3,043,309 7/1962 McCarthy 128/348 

3,314.431 4/1967 Smith 128/351 

3,332,425 7/1967 Luborsky et al 128/356 



3,674.014 7/1972 TUlander 128/1.3 X 

3,996,939 12/1976 Sheridan ct al. 128/207.14 

4,063,561 12/1977 McKenna „ 128/351 

Primary Examiner—DBlion L. Truluck 
Attorney, Agent, or fltrm— John E. Benoit 

[57] ABSTRACT 

An endotracheal intubation control device is disclosed 
which is used with a flexible tube that is tapered for 
insertion into the trachea of a patient A stylet is pro- 
vided having a length greater than the tubular nsember 
and of a dimension allowing passage through the mem- 
ber with first magnetic means attached to one end of the 
stylet. A second magnetic means is provided for exter- 
nal placement over the tracheal orifice of a patient. The 
stylet is flexible and is mserted into the throat of the 
patient and acts as a guide for subsequent insertion of 
the endotracheal tube over the stylet 

7 Claims, 11 Drawing Figures 
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particular skiJl and practice and is nearly impossible 
ENDOTRACHEAL TUBE CONTROL DEVICE with some patients and without proper equipment 

Even experienced anesthesiologists have difHculty 
The present invention relates generally to an endotra- intubating certain patients. Patients with the following 
cheal tube control device, and. more specifically to a 5 problems are particularly diHIcult to intubate: 
magnetically controllable stylet for assisting in the in- (1) short muscular neck 
sertion of an endotracheal tube. (2) receding jaw 

(3) large, thickened tongue 
BACKGROUND OF THE INVENTION (4) high arched palate 

In a number of medical circumstances including rou- 10 . (5) cleft lip or palate 

tme surgery and intensive care, spontaneous respiratory cervical or temperomandibular arthritis (common 

capability is diminished, and a breathing assist is re- elderly patients, prevents adequate extention of 

quired. This breathing assist involves the forcing of air the neck in order to see the vocal cords) 

into the lungs by positive pressure. Positive pressure (7) P<»t surgical scars or bums to the face, neck, or 

ventilation is supplied by a small bag of air or oxygen ^5 mouth 

mixture squeezed by an anesthesiologist or by a bellows (J) phamgeal or laryngeal tumors 

or piston in a mechanical ventflator. To insure that the "J^^,'^^^^" epiglottis or tonsils 

air actually goes into the lungs rather than the esopha- (JO) fractures 

gus and stomach and to insure that an open airway is (^1) .J^^^^ disease (colloid, goiter, substernal thy- 

always present during surgery or mechanical ventila- ^ /,>f?j . r .v • i ^ ^« *^ 

tion L the intensive cire unit, a tube is inserted into the (12) deviation of the ep,glotUs, vocal «>rd^ or to- 

trachea such that the distal tip is weU below the vocal ^.^^ ^^"^ "^'^^^^ kyphoscoho- 

^"tJ^ tube, ^ed Si^' patients are difficult to intubate under the best 

inserted through the mouth or Uie "ose but ^lust bend ^^^^^JZnce^ that is, in the operating room prior to 
antenorly m the throat mord^ to enter the trachea and thV^estfiesiolo^st has 

avoid the esophagus. Once Ae tube b m place in the appropriate equipment and other skilled per- 

trachea. a circumferenha^ balloon^ufT above the distol ^ give the patienT 100% oxygen prior to puttmg 

hp of the aidotracheal tube is inflated with air. This ^ and paralyzing him. THe patient can be 

balloon^uff seals the tube m the tr^hea by filling the 3^ positioned and counseled to know what to 

area between the tracheal wall and the endotracheal ^^^^^ g^^^ if his intubation is prolonged and difficult, 
tube. Such an arrangement allows positive pressure to ^^^^ ^^^^ intravenous medication and is 

be applied and the lungs inflated by the anestiiesiologist ^^^^ ^^^^ complication. Intubating patients in tiie 

or mechanical ventilator. The balloon^ff also protects hitensive care unit, emergency room, coronary care 
die trachea from any foreign material from tiie moutii 35 ^^j^ elsewhere outside tfie operating room is much 
or regurgitated from the stomach. ^^^^ difficult Unlike tiie well-prepared, sedated, and 

Ever since tiie endotracheal tubes were introduced, prcK)xygcnatcd patient on tiie operating room table, tiie 
, anesthesiologists and other physicians have experienced intensive care patient or emergency room patient is 
difficulties placing endoUacheal tubes into the trachea, Qf^g^ jji great respiratory and cardiovascular distress at 
a procedure called intubation. Of all procedures done in 40 the time endotracheal intubation is mandatory. He may 
the intensive care unit related to maintaining ventilation he so short of breath that he refuses to lie down or allow 
of critically ill patients, intubation of the trachea is asso- a tight fitting mask on his face. T5me and skill are of 
dated with the greatest number of complications. Very great importance, as is experience obviously, to over- 
few physicians other than anestiiesiologists have any come unexpected anatomic problems in choking, sufFo- 
proficiency at inserting endotracheal tubes. Usually, 45 eating, uncooperative, frightened patients. Some types 
intubation involves the use of a device called a laryngo- Qf im^g disease leave the lungs so stiff that adequate 
scope. ventilation with a mask is not possible. Since the patient 

In order to insure that the endotracheal tube goes into is already in respiratory distress despite the usual admin- 
the airway to trachea instead of the esophagus, the istration of oxygen by a loosely fitted mask, the rapid 
anesthesiologist must visualize the vocal cords by ex- 50 institution of an intravenous sedative and paralyzer is a 
tending the patients head slightiy and by elevating the gamble that an endotracheal tube can be inserted swiftly 
jaw of the patient with the laryngoscope. In his position in spite of unexpected anatomical problems which 
behind the patient's head, he can place the tube between could interfere with intubation, and should intubation 
the vocal cords, into the trachea below. One of the not be successful, that an appropriate mask, oxygen 
principle dangers of this procedure is that it almost 55 source, anesthesia bag, and sldll are at hand to ventilate 
always requires that the patient be temporarily para- the paralyzed patient in between intubation attempts or 
lyzed. Paralysis of the patient facilitates visualization of until more skilled persons and/or equipmrat are avail- 
the vocal cords by relaxing the jaw muscles and pre- able. Should the endotracheal tube be inadvertoitly 
venting the patient from retching or otherwise interfer- placed in the esophagus, the forcing of air into the 
ing with the placement of a large piece of metal (the 60 esophagus can result in rupture of the stomach or, more 
laryngoscope) down his throat Unfortunately it also commonly, the inducement of vomiting. Gastric con- 
eliminates any contribution that the patient might take tents may then go into the airway and severely damage 
towards his own breathing. Failure to place the endo- the lungs. 

trachea] tube, rapidly can result in death if the patient Skill with a laryngoscope only comes with constant 
cannot be ventilated by a mask placed tightly over his 65 practice. It is therefore not surprising that only anesthe- 
mouth and nose in between attempts to intubate with siologists and certain intensive care physicians are capa- 
the laryngoscope. Ventilating a patient by mask and ble of intubating the trachea proficientiy. On occasion, 
positive pressure from a bag of oxygen also requires an endotracheal tube can be inserted into the nose and 
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blindly advanced into the throat and through the vocal tube, the diameter of the stylet is much smaller than the 
cords without paralyzing the patient. This technique is lumen of the endotracheal tube. TTie magnet at the tip of 
particularly useful in the patient with acute respiratory the stylet may be constructed out of many small mag- 
distress because it requires only local anesthesia to the nets. When stuck together, they function exactly like 
nose and allows the patient to continue with his own 5 one long magnet, but when bent around a tight turn will 
breathing, although it is not totally adequate for him, articulate with one another and allow flexibility and 
during the insertion of the endotracheal tube. Obvi- easy withdrawal once the endotracheal tube has been 
ously, this blind technique requires even more skill and advanced over the stylet into the trachea. This arrange- 
practice to avoid inserting the tube into the esophagus ment of many small articulating magnets functioning as 
or injuring the patient. In addition, this nasal approach 10 one magnet is especially useful as the size of the cndo- 
is oflen impossible for anatomic reasons even if an expe- tracheal tube decreases. Larger endotracheal tubes do 
rienced person is making the att^pt. not require the articulation of small magnets at the distal 

These problems have been discussed in part and a tip of the stylet because there is adequate space in the 

proposed device disclosed in U.S. Pat. No. 4,063,561 lumen to withdraw the stylet without the magnet be- 

issued Dec. 20, 1977, The device disclosed therein is a 15 coming lodged in the tube at its point of bend in the 

newly constructed endotracheal tube which includes posterior pharynx. The flexible stylet may be inserted 

therein metallic material within the walls of the tube originally into the mouth or nose and directed into the 

and which may be affected by external magnetic de- trachea before the endotracheal tube is advanced over 

vices placed over the larynx of the patient externally. it, or the stylet and endotracheal tube may be advanced 

Obviously, the cost of manufacturing individual tubes 20 as a unit or alternately, as long as the stylet stays several 

with metallic wire in the walls would be much greater inches in front of the dp of the endotracheal tube. In any 

than the cost of manufacturing the present invention, case, once the tube has been advanced into the trachea, 

which can be used with any existing endotracheal tube, the stylet is quickly removed, the balloon-cuff of the 

is reusable indefinitely, and has no expensive parts. tube inflated, and positive pressure ventilation initiated. 

The above mentioned patent further discloses a possi- 25 Paralysis is never necessary. Local anesthetic agents 

bility of enclosing frictionally a metallic block within may be sprayed or applied to the nose, throat, and 

the tube lumen which is secured to the end of a flexible tongue prior to insertion of the stylet. Mild sedation 

wire whereby an ordinary endotracheal tube can be may be given, but the patient continues to breathe for 

inserted into the throat and the entire tube manipulated himself and may remain in the sitting position if he 

by an external magnet into the trachea. All endotra- 30 desires. 

cheal tubes must be stiff enough to prevent excessive Besides a system of nasal or oral tracheal intubation, 
collapse when they bend. For this reason, normal cndo- the stylet is constructed to be not only very flexible and 
tracheal tubes cannot be manipulated externally with a responsive to the external magnet but also to be at least 
necessarily small piece of metal within the lumen of the twice the length of a standard endotracheal tube. This 
tube. Such an arrangement could be potentially danger- 35 extra length provides the ability to change one endotra- 
ous. The block of metal could become dislodged from cheal tube that may be defective or too small with a new 
the wire and drop into the trachea. Further, such a endotracheal tube, again without paralysis or a laryngo- 
metallic plug may become stuck upon its withdrawal at scope. In this case the stylet is inserted (using the end 
the point of anterior bend of the endotracheal tube in opposite the magnetic tip) into the old endotracheal 
the nose or mouth, completely occluding the airway. 40 tube and the old tube removed when the stylet is in the 
The problems arising from this arrangement arc further trachea. TTien a new tube can be advanced over the 
apparent from the fact that the emphasis in the above stylet and the stylet withdrawn. This procedure is rapid, 
mentioned patent is upon the creation of a new endotra- does not require an external magnet, and is far safer and 
cheal tube. The attraction of a magnet, no matter how easier than removing the old tube and necessitating the 
large, for a piece of metal is still a function of the mass 45 insertion of a new tube by sedation, paralysis, and a 
of both pieces of metal. The size of the metallic plug as laryngoscope. The stylet is constructed of a material 
illustrated in the patent cannot be large enough to ma- which is spring-like and slides easily inside the endotra- 
nipulate a normal endotracheal tube because it must fit cheal tube, bends easily but can be pushed, confers 
into the lumen of the tube. Increasing the size of the enough rigidity to allow guidance for an endotracheal 
magnet outside will not overcome the distances in- 50 tube, but is very responsive in a magnetic field, 
volved or the stiffness of the ordinary tube. Accordingly, it is the purpose of this invention to 
The above disadvantages are overcome by the pres- provide an endotracheal tube insertion system which 
ent invention wherein a very flexible stylet, instead of a does not require the risky technique of paralysis, can be 
whole endotracheal tube, is controlled by an external used by anesthesiologists to intubate patients with difli- 
magnet by incorporating a second magnet into the distal 55 cult anatomical problems through the nose or mouth, 
end of the stylet This small magnet on the distal tip of can be used by relatively unskilled medical personnel in 
the stylet has opposite polarity to the external magnet, emergencies when an anesthesiologist is not present, 
thus increasing their attraction and providing consistant can be used in a variety of positions, including supine, 
alignment and direction toward the vocal cords. The sitting and lateral decubitus, and can be used and reused 
stylet may be inserted through the mouth or nose in 60 indefinitely on standard endotracheal tubes. This endo- 
almost any body position and is of a dimension of fit tracheal tube insertion system provides for a flexible 
within a standard endotracheal tube without completely stylet, having a magnet attached to one end, to be 
occluding its lumen. After the distal tip of the stylet is guided into the trachea by means of an external magnet 
within the trachea, the endotracheal tube is advanced with opposite polarity. The endotracheal tube is ad- 
over the stylet into the trachea, and the stylet quickly 65 vanced over the stylet so as to enter the trachea with 
removed. Accordingly, it can be seen that the stylet acts the subsequent removal of the stylet, 
as a flexible intubating guide for the endotracheal tube. It is a further object of this invention to provide a 
To facilitate removal of the stylet from the endotracheal stylet guiding means which may be used to quickly 
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replace one endotracheal tube for another, without pa- . Turning now, more specifically to FIG. 2» there, is 
ralysis or the use of a laryngoscope. illustrated one embodiment of a stylet of the present 

invttition. This stylet is most useful with endotracheal 

BRIEF DESCRIPTION OF THE DRAWINGS ^ internal diameter larger than 8.0 mm. 

These and other objects ofthe invention. wUl become 5 The mam body 2S of the stylet is. comprised of a 
apparent from the- following description when taken tri coiled spring of a npri-magnetic material such as stain-, 
conjunction with the drawings wherein. less steel or other npn-magnetic material. Such a tube 

FIG. 1 is a perspective view of the three components . could be constructed of ia suitable plastic material manu-. 
preferably used with the present invention; ■ '■' . factured so as. to. conform to the characteristics of a 

FIG. 2 is a perspective view of one embbdimoit 6f 10 coiled spring. A magnet 27 is secured to the other, end of 
the stylet of the present invention; . - ' . ?e springy ^^^1^ encased within an inert 

FIG.3isanaDlarged viewofasectionofthestyIefof housmg 29 (FIG. 3) such as staml^ steel, plastic etc. 
2- . which is then secured to one end of stylet 25 by means 

na4isasectionalviewofoneembodimentofthe ofawey 

external magnet used-with the stylet of the present in- >5 FIG^^ an ento^ partial iH^^ 

cr- . r spnng bellows 31 which IS secured between the housmg 

FIGS. 5. « and 7 Ulustrate the steps which arc taken » and the body 25 of d« stylet Such beUpws are e^- 
m using the present device for performing intubation »«^y and provide «ld.honal ne«^ihty a^ 

/ *^ * the distal end of the stylet This further aids the abihty 

^^^JSIio « J/, u I'l _. L- 1. » I. .k— 20 of the distal end to bend as shown ut the dotted lines of 

FIGSJ and 9 show ?.ke ^ which arc taken when 2 when it is subjected to exterior magnetic forces. 

" through the nosml; ^ FIG. 4 shows one embodiment ofexterior magnet 41. 

FIG.. 10 IS a s«:tionaJ view of a furthe^ embodmient ^ ^ ^ housing 42 of a 

of the stylet ofthe present mv«ition; and . „^terial such as plastic or die like. As indicated, one 

FIG. 11 diows the interachon between mdividual ^ ^^^^ ^^^j^ 

magnets used m the stylet of no. W^^^ ^ become apparent as the description proceeds. . 

Before proceedmg ^ylth the desc;ytion of the mven. pj^g 5^ 5 ^nd 7 iUustratc the use ofthe device when 
tion. reference should be made to the term stylef as intubation is practiced orally. FIG. 5 shows the stylet 23 
used in the medical profession. A definition and a dis- inserted with the magnetic end entering faito the 

cussion of a stylet may be found m "Understanding 3^ ^^^^ ^j^^ ^^^^ when the stylet is so inserted, the 
Anesthesia Equipment" pages 274 and 275 authored by a position approxunately as shown in 

Jerry A. Dorsch. NLD. and Susan E. Dorsch, M.D., 35 If allowed to follow this course, the 

The Williams and Wilkins Company. In that discussion, ^ ^^^^ ^ ^^^^ ^ esophagus instead of the 

it is stated that a stylet is a device whfch fits inside an trachea. However, as mdicated, the magnet 41 is placed 
endotracheal tube. It aides in directing the insertion of 35 exteriorly m the midline adjacent to the prominence of 
the tube by makmg the. tube more rigid and allowing its ^he thyroid cartilage, or "Adam's Apple". This is easily 
shape to be changed. In the present invention, a stylet is distinguishable on the patient and places the magnet in 
used as herein indbated in that it is a device tiiat fits ^ proper spot for attracting the magnetized end of the 
inade an endotracheal tube smd is used to help direct the ^yj^t 37 into the tracheal passage as indicated in the 
tube. However, as defined herein, it is not designed to 40 ij^c form. As shown in FIG. 6, the styl^ is then 
make the tube more rigid , nor to chaiige the shape of the inserted into the tracheal cavity by sliding it along in- 
tube. Accordingly, for. the present purposes a stylet b side the endotracheal tube. The tube is then guided 
defined as a flexible device which fits within a tube and along by the stylet as shown until it, too enters the 
may be passed therethrough. More specifically, the tracheal passage.. The stylet is then removed as shown 
stylet of the present invention involves.a flexible device 45 in piQ. 7, leaving the oidotracheal tube m position with 
having a magnet located at one end thereof. The stylet the trachea. 

is springlike and is so constructed that it bends easily but FIGS. 8 and 9 illustrate that the same procedure may 
can be pushed along its length. be used when the nostril is dilated and the stylet and the 

MiPP npr^miPrfniM of thr prefrrred ^ inserted tiierethrough following the 

#M^>?S£ Sf -nS^ 50 same procedure for locating the stylet and, subse- 

EMBODIMENTS OF THE INVENTION ^^^^ endotracheal tube into position. 

Turning now more particularly to the drawings, Turning more specifically to FIGS. 10 and 11, there 
there is shown in FIG. 1 the three items which may be is shown therein an altmiate embodiment of the stylet 
used in performing an intubation of the trachea using ofthe present invention. The main body of the stylet is 
the stylet of the present invention. As illustrated, a 33 comprised of a similar coiled spring 55 which extends 
standard endotracheal tube 11 comprising a plastic tube substantially the length of the stylet A rounded cup 57 
body 13 has a beveled insertion end 15 and an inflatable of an inert material such as teflon may be secured within 
balloon 17. The balloon is inflated in a standard manner one end of the coiled spring 55 by means of an adhesive 
by the inflating syringe 19. The opposite end of the tube cxr the like. The other end of coiled spring 55 has in- 
13 termhiates in a connector which may be secured to a 60 serted therein a series of small magnets beginning with 
breathing assbt system. This is :all known equipment magnet 59 at one end and terminating at the other end 
used m the standard procedure as described herein- with magnets 60 and 61. These magnets have a diameter 
above. The present invention provides a stylet 23. . slightiy smaller than the mtemal diameter of the siDction 
which will be more specifically shown and described as of coil spring 55 which encases them. Spring 55 is made 
the description proceeds, and an exterior magnet 41. 6S larger at this section to allow the magnets to interact as 
Magnet 41 is preferrably a housing of plastic materia] 43 shown in FIG. 11. The magnets terminate in a larger 
having a magnet secured therein with one end having a magnet 63 which has a reduced section 61 which fits 
concave face 45. within the end of the coil spring and is secured thereto 
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by means such as by soldering or with an adhesive. 
Also, to provide a smooth insertion area, an inner hemi- 
spherical segment 65 is secured to the outer end of 
magnet 63 by means such as an axlhesive. In order to 
present the stylet in an understandable dimensional 
view, the following parameters are typical of a desired 
stylet. 



DIMENSION 


PARAMETER-INCHES 


A 


27 


B 


i 


C 


.8125 


D 


1 


E 


I/I6 


F 


1/16 


O 


3/16 O.D. 


H 


JO.D. 



10 



15 



FIG. 11 illustrates one of the reasons for providmg 
the separate individual magnets as shown in FIG. 10. 20 
While the magnets do not totally part from each other 
because of the extreme force exerted between them, 
they may partially separate as illustrated in FIG. 11. 
This partial separation allows the terminal end of the 
stylet having the magnets to provide more flexibility 25 
and, thus, greater ease in drawing the stylets into the 
tracheal passage. This embodiment, when using the 
stylet with smaller diameter endotracheal tubes, allows 
the small magnets to function as one magnet, but articu- 
late with each other, whereby the removal of the stylet 30 
from the smaller endotracheal tube is greatly eased. One 
of the reasons why this invention is now practical is due 
to the development of extremely high magnetic material 
such as cobalt and the like. This reduces the necessary 
size of the magnets while still realizing the necessary 35 
magnetic force, since the use of a magnetic material 
such as cobalt in the stylet itself increases the attraction 
between the exterior magnet and the end of the stylet to 
a very large degree. The use of only a metallic material 
for a stylet would reduce the ability to direct the end of 40 
the stylet into the trachea. 

The above description and drawings are illustrative 
only since material substitution and dimension varia- 
tions are possible without departing from the invention. 

45 



Accordingly, the invention is to be limited only by the 
scope of the following claims. 
I claim: 

L An endotracheal intubation assembly comprising 

a flexible intubating guide stylet; 

first magnetic means attached to one end of said stylet 
and movable therewith; 

an open ended flexible endotracheal tube having a 
lumen of a dimension substantially greater than the 
cross-sectional dimension of said stylet and said 
first magnetic means whereby said tube is freely 
movable over said stylet and said magnetic means, 
thereby permitting free flow of breathable gas 
along said lumen; and 

second magnetic means externally placeable over the 
tracheal orifice of a patient; 

whereby said one end of said stylet is inserted into the 
throat of said patient, with said first magnetic 
means being directed onto the trachea by said sec- 
ond magnetic means which is placed adjacent the ' 
external surface of said tracheal orifice area, and 
said endotracheal tube is threaded over said stylet 
and guided into the trachea by said stylet. 

2. The device of claim 1 wherein said stylet comprises 
a spring coil member having said first magnetic 

means secured to one end thereof. 

3. The device of claim 1 further comprising 

a spring bellows connected between said stylet and 
said first magnetic means. 

4. The device of claim 2 further comprising 

a spring bellows connected between said spring coil 
member and said first magnetic means. 

5. The device of claim 1 wherein said stylet comprises 
a tubular plastic flexible member. 

6w The device of claim 1 wherein said magnetic means 
comprises 

a plurality of magnets having their poles arranged for 
adjacent magnetic attraction whereby articulation 
may occur between adjacent magnets. 
7. The device of claim 1 further comprising 
means providing a substantially smooth arcuate ter- 
mination at the distal end of said first magnetic 
means. 



50 



55 



60 



65 
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